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1 TGAAGTCTCTTCCCAAGCAAATGGGAGCTTCTTTGGACCTTGGAGCACACAGAGGATTCT 60
61  ACTTTCTTTAAAACTTTGTTTTCAGGCAATTTCCCTGAGAACCGTTTACTTCCAGAAGAT 120
121 TGGTGGAGCTTGATCTGAAGGCTGGCCATGAAATCTCAAGGTCAACATTGGTATTCCAGT 180
181  TCAGATAAAAACTGTAAAGTGAGCTTTCGTGAGAAGCTTCTGATTATTGATTCAAACCTG 240
241  GGGGTCCAAGATGTGGAGAACCTCAAGTTTCTCTGCATAGGATTGGTCCCCAACAAGAAG 300
301  CTGGAGAAGTCCAGCTCAGCCTCAGATGTTTTTGAACATCTCTTGGCAGAGGATCTGCTG 360
361  AGTGAGGAAGACCTTTCTTCCTGGCAGAACTCCTCTATATCATACGGCAGAAGAAGCTGe 420
421  TGCAGCACCTCAACTGTACCAAAGAGGAAGTGGAGCGACTGCTGCCCACCCGACAAAGGG 480
481  TTTCTCTGTTTAGAAACCTGCTCTACGAACTGtCAGAAGGCATTGACTCAGAGAACTTAA 540
181 M I FLLKDJ SLPKTEMTSLS F 200
541  aGGACATGATCTTCCTTCTGAAAGACTCGCTTCCCAAAACTGAAATGACCTCCCTAAGTT 600
201 L AF L EKQGKTITDETDNTLTTZ CLED 220
601  TCCTGGCATTTCTAGAGAAACAAGGTAAAATAGATGAAGATAATCTGACATGCCTGGAGG 660
221 L ¢ K T VvV PKZLILRBNTIEZKYKRE K 24
661  ACCTCTgCAAAACAGTTGTACCTAAACTTTTGAGAAACATAGAGAAATACAAAAGAGAGA 720
241 Al I vTPPVDI KEAESZSYU QQGEE 260
721  AAGCTATCCAGATAGTGACACCTCCTGTAGACAAGGAAGCCGAGTCGTATCAAGGAGAGG 780
261 E LV SQTDVKTTFLEALPRAAYV 280
781  AAGAACTAGTTTCCCAAACAGATGTTAAGACATTCTTGGAAGCCTTACCGAGGGCAGCTG 840
281 YR MNRNUHRGLCVIVNNHSF T 300
841  TGTACAGGATGAATCGGAACCACAGAGGCCTCTGTGTCATTGTCAACAACCACAGCTTTA 900
301 S LKDROQGGTHZ KTDAETITLSHVFQ 320
901 CCTCCCTGAAGGACAGACAAGGAACCCATAAAGATGCTGAGATCCTGAGTCATGTGTTCG 960
321 W LGFTVHTIUHNNYVTIKVEMEWMYV 340
961  AGTGGCTTGGGTTCACAGTGCATATACACAATAATGTGACGAAAGTGGAAATGGAGATGG 1020
341 L @ K Q@ K CNPAHADGDT CTFVFC I 360
1021  TCCTGCAGAAGCAGAAGTGCAATCCAGCCCATGCCGACGGGGACTGCTTCGTGTTCTGTA 1080

F1e. 1-1
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361 L T HGRFGAVYSSDEALTIZPTIR 380
1081  TTCTGACCCATGGGAGATTTGGAGCTGTCTACTCTTCGGATGAGGCCCTCATTCCCATTC 1140

381 tE I M S HFTALQCGCPRILAEKP K L 400
1141 GGGAGATCATGTCTCACTTCACAGCCCTGCAGTGCCCTAGACTGGCTGAAAAACCTAAAC 1200

401 F F I @Q ACQGETETIQPSV S I E AD 420
1201 TCTTTTTCATCCAGGCCTGCCAAGGTGAAGAGATACAGCCTTCCGTATCCATCGAAGCAG 1260

421 A LNPEQAPTS SLQ@DSTIPATEAD 440
1261  ATGCTCTGAACCCTGAGCAGGCACCCACTTCCCTGCAGGACAGTATTCCTGCCGAGGCTG 1320

441 F L LGLATVPGYV SFARUHVEEG 460
1321 ACTTCCTACTTGGTCTGGCCACTGTCCCAGGCTATGTATCCTTTCGGCATGTGGAGGAAG 1380

461 S Wy IO QQSULCNUHTLIKIKTLVPRHE D 4380
1381  GCAGCTGGTATATTCAGTCTCTGTGTAATCATCTGAAGAAATTGGTCCCAAGACATGAAG 1440

481 I L S I L TAVNDTDVSRRYV DK Q@G 500
1441  ACATCTTATCCATCCTCACTGCTGTCAACGATGATGTGAGTCGAAGAGTGGACAAACAGG 1500

501 T K KQMPQFPAFTILRIKIKTLVF PV 520
1501  GAACAAAGAAACAGATGCCCCAGCCTGCTTTCACACTAAGGAAAAAACTAGTATTCCCTG 1560

521 P LD ALS T * 540
1561  TGCCCCTGGATGCACTTTCAATATAGCAGAGAGTTTTTGNTGGTTCTTAGACCTCAAACG 1620

1621  AATCATTGGNTATAACCTCCAGCCTCCTGCCCAGCACAGGAATCGGTGGTCTCCACCTGT 1680
1681  CATTCTAGAAACAGGAAACACCGTGTTTTCTGACACAGTCAATTCTGATTTTCTTTTICT 1740
1741 TTTGCAAGTCTAAATGTTAGAAAACTTTCTTTTTTTGGAGATAGTCTCATTCTGTCACCC 1800
1801  AGACTGGAGTGCAGGGGGGCAATCACGGCTCACTGTAGTCTCGACCTCCCAGGCTCAAGC 1860
1861  TGTCCTCCCACCTCAGCCTCCCAAGTAGCTGAGACTACAGGTGTGTGTCCATGCACAGCT 1920
1921  AACTTTTTATTTTTTTTGNGGAGATGGGGTTTCACTATGTTGCCTAAGCTGGTCTCAAAC 1980
1981  TCCTGGGNTCAAGCGATCCTCCCACCTCAGCTTCTCAAAGTTCTGGGACTACAGGCATGA 2040
2041  AATACTGTGCCTGGCCTGGGGACCAGGTGCATTTTAAGGTTCCTTGGTGTTCAAAAACCA 2100

2101 CGTTCTTAGCCTAGATTGAGCTTAGATTGCCTCTCTAGACAACTACCCCTTAGTTATAAT 2160

Fig. 1-2
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TCTGTGTCCCCTCTGCATGCCCTTAAACATTGGACAGTGAGGTCACAGTCCACCCACCCT
CTCTCTGATCTCCCCCTTCCTAAGACTTCTCTTTTGCACATCTAGTGAGGTGAAAATTTG
GTCTATGCCAGGCCCATTTCCTGCTTTTGtGTAAGGAAGGTGCTCACATAGGAAGTTTTT

ATTTGGTTAGAGACAGGTTTCCCTGTAGGAAGATGATGGCTCATTTACACTCAGCTGCTG

TGCAAGCAGAAACTTtACAACCTGATGTCATATTCCATTTTGGaCTGGGTGCGGTGACTC
ATGCCTGTAATCCCAGTACTCTGGGAAGCCAAGGCAGGCAGATCACTTGAGGTCAGGAGT
TCGAGACCAGCCTGGCCAATACGGCAAAACCTCATCATTACTAAAAACACAAAAATTAGC
CAGGTGTGGCGGCGAGCACCTGTAATCCCAGCTACTCGGGAGGCTGAGACAGGAGAATCT
CTTGAATCCAGGAGGCAGAGGCTGTGGTGAGCCAAGATGACACAACTGCACTCCAGCTTG
GGCAACAGGGCGAGACCTTGTTTAAAAAAAAAATTCAATATTGGGGTTGGAACATTTCAG
TTGCCATTGACAGAACACCCAATTCAAATTGACTGAAGCAAAGAAGGGAATTTATTGCCT
CTTTCACATTGAAACCCAGGAGTGGATAACACTGGCTTCAGGCAAAGCTTGAATCAGGAC
TCAATCTaCAGGCCAGCACCTTTCTCTTGGCCGGATGTCCTCAGGGC TGGCAGATGCAGT
AGACTGCAGTGGACAGTCCCCACCTTGTTACTGCTACTACACTTtGCTCCTCTGGCCCAA
GGCATGAGGAGAGAGGCTGTGTCAGAAACTGAAGCTGTTCTCAGGATCACTGGGCTCTTC
TtGGCAGAGGGGATGTCTGGCTTGCCTGAAGGGAGTGGCTCTgTaAGGACGCCTTGATGC
TTtCTTCATTAAGATTTTGaGCATTTTTACGTACTTGAGCTTTTTTTTTTTTTTTTTTCA
ATTTCTAGAGGAACTTTTTCTCTGTTAATTCCTGGAACTGTATTTTGAATCCTTAAAGGT
GAGCCCTCATAGGGAGATCCAAAGTCCTGTGGTTAACGCCTTCATTTATAGATGAGGCAG
CTGAGGCCTGGGGATGTGAACAACCTGCTCACAGTCCTCATTTACTGGATTTGACTTCAG
CCAGGTGAACTGGAATGCCTTGGGGCGTGGAAGGGCATTAGGAGTGTTTCATTTGATATG
TGAATGCTCATAAAAAAATGTCAAGGAATGAAGAACAACAACTCTCAGTGGTGCCTGCAT

TTATAATTATTTATGTGAAAGTCAAATTCATGTACAGTAAATTTGTTATAAGAAT

Fig. 1-3

3935

5,851,815

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480



U.S. Patent

1
1

21
61

41
121

61
181

81
241

101
301

121
361

141
421

161
481

181
541

201
601

221
661

241
721

261
781

281
841

Dec. 22, 1998 Sheet 4 of 13 5,851,815
NS WA 20
GAATTCGGCACGAGCTCAAATTTCTGCCTACAGGTTCCACTTCTGCCGCATGAGCTGGGC 60
E ANSQCOQTOQSVPFWRRVYVDHL 40
TGAAGCAAACAGCCAGTGCCAGACACAGTCTGTACCTTTCTGGCGGAGGGTCGATCATCT 120
L IRV MLYOQTISETEVSRSETLR RS 60
ATTAATAAGGGTCATGCTCTATCAGATTTCAGAAGAAGTGAGCAGATCAGAATTGAGGTC 180
F K FLLQETETISKT CHKTLDDDMNTL 80
TTTTAAGTTTCTTTTGCAAGAGGAAATCTCCAAATGCAAACTGGATGATGACATGAACCT 240
L DI FIEMEKRYILGETGEKTLTDTI 100
GCTGGATATTTTCATAGAGATGGAGAAGAGGGTCATCCTGGGAGAAGGAAAGTTGGACAT 300
L KRV CAQTINKSTLLEKTITINDYE 120
CCTGAAAAGAGTCTGTGCCCAAATCAACAAGAGCCTGCTGAAGATAATCAACGACTATGA 360
FE F S KGETETLTGCGVMTMSDCPRE 140
AGAATTCAGCAAAGGGGAGGAGTTGTGTGGGGTAATGACGATGTCGGACTGTCCAAGAGA 420
QDS ESQTLDEKVYYQMEKSEKTPRG 160
ACAGGATAGTGAATCACAGACTTTGGACAAAGTTTACCAAATGAAAAGCAAQCCTCGGGG 480
Y ¢ L I I NNHNTFAKARETKVFPKL 180
ATACTGTCTGATCATCAACAATCACAATTTTGCAAAAGCACGGGAGAAAGTGCCCAAACT 540
H S TRDRNGTHLDAGALTTTF 200
TCACAGCAT TAGGGACAGGAATGGAACACACTTGGATGCAGGGGCTTTGACCACGACCTT 600
E ELHFETIKPHHDE CTVERQIYE 22
TGAAGAGCTTCATTTTGAGATCAAGCCCCACCATGACTGCACAGTAGAGCAAATCTATGA 660
I L KI Y QLMDHSNMDTE CTFTIGCTCTI 240
GATTTTGAAAATCTACCAACTCATGGACCACAGTAACATGGACTGCTTCATCTGCTGTAT 720
L S HGDIKGTITIYGTDGA QEATPTIY 260
CCTCTCCCATGGAGACAAGGGCATCATCTATGGCACTGATGGACAGGAGGCCCCCATCTA 780
e L TS QFTGLKC CPSLAGEKTPKV 280
TGAGCTGACATCTCAGTTCACTGGTTTGAAGTGCCCTTCCCTTGCTGGAAAACCCAAAGT 840
F F I QACQGDNYO QKGTIPVETTD 300
GTTTTTTATTCAGGCTTGTCAGGGGGATAACTACCAGAAAGGTATACCTGTTGAGACTGA 900

F1o, &1
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S EEQPYLEMDTLSSPQTRYTIP
TTCAGAGGAGCAACCCTATTTAGAAATGGATTTATCATCACCTCAAACGAGATATATCGC

D EADFLLGMATVNNTCVSYRN
GGATGAGGCTGACTTTCTGCTGGGGATGGCCACTGTGAATAACTGTGTTTCCTACCGAAA

P AEGTWYTIOQSULOCQSLRERTE GCHP
CCCTGCAGAGGGAACCTGGTACATCCAGTCACTTTGCCAGAGCCTGAGAGAGCGATGTCC

R G ODDILTTIULTEVNYEVSNIKI?D
TCGAGGCGATGATATTCTCACCATCCTGACTGAAGTGAACTATGAAGTAAGCAACAAGGA

D K K NMGKAMPQPTTFTILRKKIL
TGACAAGAAAAACATGGGGAAACAGATGCCTCAGCCTACTTTCACACTAAGAAAAAAACT

VvV F P S D *
TGTCTTCCCTTCTGATTGATGGTGCTATTTTGTTTGTTTTGTTTTGTTTTGTTTTTTTGA

GACAGAATCTCGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGTGATCTCGGCTCAGCGCA

AGCTCGCGCCTCCCGGGTTCAGGCCATTCTCCTGCT 1355

5,851,815
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MChE 1 oo i e C....MIFLLK 6

.
Mch5 1 MSWAEANSQCQTQSVPFWRRVDHLLIRVMLYQISEEVSRSELRSFKFLLQ 50

/ DSLPK TEMTSLSFLAFLEKQGKIDEDNLTCLEDLCKTVVPKLLRNI 02

| A Y T S R E AT
51 EEISKCKLODDUNLLDIF TEMEKRVIL GEGKLDILKRVCTQINKSLLKII 100

53 EKY., KHEKAIOIVTPPVDKEAESYQGEEELVSQTDVKTFLEALPRAA 98

. ], Lt [0 ||| ]
101 NDYEEFSKGEELCGVMT...... MSDCPHEQDSESQTLDK .......... 134

99 VYRMNRNHRGLCVIVNNHSFT. ......... . SLKDRQGTHKDAEILSHVF 138

TN HHINE IR
135 VYQMKSKPRGYCLIINNHNFAKAREKVPKLHSIRDRNGTHLDAGALTTTF 184

139 OWLGFTVHIHNNVTKVEMEMVLQKQKCNPAHADGDCFVFCILTHGRFGAV 188

NPTy I T oz P L]
185 EELHFEIKPHHDCT.VEQIYEILKIYQLMDHSNMDCFICCILSHGDKGII 233

189 YSSDEALIPIREIMSHFTALQCPHLAEKPKLFFIQACOGEEIQPSVSIEA 238

N N N R Y S A R A LR SRR R PSP
234 YGTDGQEAPIYELTSQFTGLKCPSLAGKPKVFFIQACGGDNYQKGIPVET 283

239 DALNPEQAPTSLQDS. . ....IPAEADFLLGLATVPGYVSFRHVEEGSWY 282

oL e IR RS A ey A
284 DS..EEQPYLEMDLSSPQTRYIPDEADFLLGMATVNNCVSYRNPAEGTWY 331

283 TQSLCNHLKKLVPRHEDILSILTAVNDDVSRRVDKQGTKKQMPQPAFTLR 332

N R I R R s
332 IQSLCQSLRERCPRGDDILTILTEVNYEVSNKDDKKNMGKQMPQPTFTLR 381

333 KKLVFPVPLDALSI* 347

[T
382 KKLVFPSD*...... 390
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MCH4 AND MCHS, APOPTOTIC
PROTEASES

This invention was made with government support under
ogrants Al 35035-01 from the National Institutes of Health.
Accordingly, the government has certain rights to this inven-
fion.

Throughout this application various publications are ref-
erenced within parentheses. The disclosures of these publi-
cations 1n their entireties are hereby incorporated by refer-
ence 1n this application 1n order to more fully describe the
state of the art to which this invention pertains.

BACKGROUND OF THE INVENTION

The present invention relates generally to apoptosis or,
programed cell death, and more particularly, to novel
aspartate-specific cysteine proteases which can be used to
modulate apoptosis for the therapeutic treatment of human
diseases.

Apoptosis 1s a normal physiological process of cell death
that plays a critical role 1n the regulation of tissue homeo-
stasis by ensuring that the rate of new cell accumulation
produced by cell division is offset by a commensurate rate
of cell loss due to death. It has now become clear that
disturbances 1n apoptosis, also referred to as physiological
cell death or programmed cell death, that prevent or delay
normal cell turnover can be just as important to the patho-
genesis of diseases as are known abnormalities 1n the
regulation of proliferation and the cell cycle. Like cell
division, which 1s controlled through complex interactions
between cell cycle regulatory proteins, apoptosis 1s similarly
regulated under normal circumstances by the interaction of
gene products that either induce or mhibit cell death.

The stimuli which regulate the function of these apoptotic
ogene products mclude both extracellular and intracellular
signals. Either the presence or the removal of a particular
stimuli can be sufficient to evoke a positive or negative
apoptotic signal. For example, physiological stimuli that
prevent or inhibit apoptosis include, for example, growth
factors, extracellular matrix, CD40 ligand, viral gene prod-
ucts neutral amino acids, zinc, estrogen and androgens. In
contrast, stimuli which promote apoptosis mclude growth
factors such as tumor necrosis factor (TNF), Fas, and
transforming growth factor f (TGFf), neurotransmitters,
orowth factor withdrawal, loss of extracellular matrix
attachment, intracellular calcium and glucocorticoids, for
example. Other stimuli, including those of environmental
and pathogenetic origins, also exist which can either induce
or mhibit programmed cell death. Although apoptosis is
mediated by diverse signals and complex interactions of
cellular gene products, the results of these interactions
ultimately feed mto a cell death pathway that 1s evolution-
arily conserved between humans and invertebrates.

Several gene products which modulate the apoptotic
process have now been 1dentified. Although these products
can 1n general be separated 1nto two basic categories, gene
products from each category can function to either inhibit or
induce programmed cell death. One family of gene products
are those which are members of the Bel-2 family of proteins.
Bcl-2, 1s the best characterized member of this family and
inhibits apoptosis when overexpressed 1n cells. Other mem-
bers of this gene family include, for example, Bax, Bak,
Bcl-x,, Bel-x., and Bad, While some of these proteins can
prevent apoptosis others augment apoptosis (e.g. Bcl-x¢ and
Bak, respectively).

A second family of gene products, the aspartate-specific
cysteine proteases (ASCPs), are related genetically to the C.
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elegans ced-3 gene product which was initially shown to be
required for programmed cell death mm the roundworm, C.
elegans. The ASCPs family of proteases mcludes human
ICE (interleukin-1-f converting enzyme), ICH-1,, ICH-1,,
CPP32, Mch2, Mch3, ICH-2 and ICE, /1II. Among the
common features of these gene products is that 1) they are
cysteine proteases with specificity for substrate cleavage at
Asp-x bonds, 2) they share a conserved pentapeptide
sequence (QACRG) within the active site and 3) they are
synthesized as proenzymes that require proteolytic cleavage
at specific aspartate residues for activation of protease
activity. Cleavage of the proenzyme produces two polypep-
tide protease subunits of approximately 20 kD (p20) and 10
kD (p10) which, in the case of ICE, combine non-covalently
to form a tetramer comprised of two p20:p10 heterodimers.
Although these proteases, when expressed i cells, induce
cell death, several alternative structural forms of these

proteases, such as ICESo, ICEe, ICH-1, and Mch2[3, actu-
ally function to inhibit apoptosis.

In addition to the Bcl-2 and ASCP gene families which
play a role 1n apoptosis in mammalian cells, 1t has become
increasingly apparent that other gene products exist which
are 1mportant in mammalian cell death and which have yet
to be 1dentified. For example, in addition to Ced-3, another
C. elegans gene known as Ced-4 exists which 1s also
required for programmed cell death in C. elegans. However,
mammalian homologues of this protein remain elusive and
have not yet been i1dentified. Further, it 1s ambiguous as to
whether other genes exist which belong to either of the
above two apoptotic gene families or what role they may
play m the programmed cell death pathway. Finally, 1t 1s
unclear what the physiological control mechanisms are
which regulate programmed cell death or how the cell death
pathways interact with other physiological processes within
the organism. For example, recently it has been suggested
that cytotoxic T-lymphocytes mediate their destructive func-
tion by inducing apoptosis 1n their target cells.

Apoptosis functions 1n maintaining tissue homeostasis in
a range of physiological processes such as embryonic
development, immune cell regulation and normal cellular
turnover. Therefore, the dysfunction, or loss of regulated
apoptosis can lead to a variety of pathological disease states.
For example, the loss of apoptosis can lead to the patho-
logical accumulation of self-reactive lymphocytes such as
that occurring with many autoimmune diseases. Inappropri-
ate loss of apoptosis can also lead to the accumulation of
virally infected cells and of hyperproliferative cells such as
neoplastic or tumor cells. Similarly, the 1nappropriate acti-
vation of apoptosis can also contribute to a variety of
pathological disease states including, for example, acquired
immunodeficiency syndrome (AIDS), neurodegenerative
diseases and 1schemic 1njury. Treatments which are specifi-
cally designed to modulate the apoptotic pathways 1n these
and other pathological conditions can change the natural
progression of many of these diseases.

Thus, there exists a need to 1dentily new apoptotic genes
and their gene products and for methods of modulating this
process for the therapeutic treatment of human diseases. The
present 1nvention satisfies this need and provides related
advantages as well.

SUMMARY OF THE INVENTION

The mnvention provides an 1solated gene encoding Mch4
or an 1solated gene encoding Mch5 as well as functional
fragments thereof. Also provided are 1solated nucleic acid
sequences encoding Mch4 or Mch5 or functional fragments
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thereof. The gene or nucleic acid sequences can be single or
double stranded nucleic acids corresponding to coding or
non-coding strands of the Mch4 or Mch5 nucleotide
sequences. Isolated Mch4 or MchS5 polypeptides or func-
fional fragments thereof are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the nucleotide and predicted amino acid
sequence of Mch4 (SEQ ID NOS:1 and 2, respectively).

FIG. 2 shows the nucleotide and predicted amino acid
sequence of MchS (SEQ ID NOS:3 and 4, respectively).

FIG. 3 shows the predicted amino acid sequences of Mch4
and Mch5 and their homology to other ASCP sequences. (A)
Colinear alignment of Mch4 and Mch5 Proteins. Dotted
lines 1ndicated gaps 1n the sequence to allow optimal align-
ment. Amino acid residues are numbered to the right of each

sequence. (B) Multiple sequence alignment of all known
human ASCPs and the nematode Ced-3 ASCP. The active

site pentapeptide QACRG/QACQG (SEQ ID NOS:11 ang
10, respectively) 1s boxed. Based on crystal structure of ICE,
the numbered residues within the ICE sequence are involved
in catalysis (open boxes), and binding the substrate-
carboxylate of P1 Asp (open circles). The residues adjacent
to the substrate P2—P4 amino acids are indicated by closed
triangles. D/X 1ndicates known and potential processing
sites between the small and larege subunits of ASCPs. The
Roman numbers on the right indicate the three ASCP-

subfamilies; the Ced-like subfamily (I), the ICE-like sub-
family (II) and the Nedd2/Ich-1 subfamily (III). The asterisk
indicates the nonconservative Arg to Gln substitution 1n

Mch4 and Mch5.

FIG. 4 shows the cleavage of CPP32 proenzyme by Mch4
and granzyme B. (A) Effect of Asp175 mutation on cleavage
of proCPP32. *S-labeled wild type proCPP32 (Mut-D175,
-lanes) or AsP175-mutated proCPP32 (Mut-D175, +lanes)

were 1ncubated with recombinant Mch4 (Mch4, +lanes),
granzyme B (GraB, +lanes) or buffer (Mch4 and GraB,

—lanes) for 1 h at 37° C. The reaction products were then
analzyed by SDS-PAGE and autoradiography. (B) Effect of
Asp9 mutation and the DEVD-CHO inhibitor on cleavage of
the propeptide of proCPP32. 35S-labeled wild type
proCPP32 (mut-D9 and Mut-175, —-lanes) or Asp9-mutated
(mut-D9, +lanes) or Asp 175-mutated (Mut-D175, +lanes)
proCPP32 were incubated with granzyme B (GraB, +lines)

or buffer (GraB, -lanes) in the presence (+lanes) or absence
(-lanes) of the DEVD-CHO inhibitor.

The reaction products were analyzed as above. SS, 1ndi-
cates the small subunit. LS, indicates the large subunit.

FIG. 5 shows Cleavage of Mch3 and Mch4 proenzymes
by Mch4 and granzyme B. (A) Effect of Asp198 mutation on

cleavage of proMch3. >>S-labeled wild type proMch3 (Mut,
—lanes) or Aspl198-mutated proMch3 (Mut, +lanes) were
incubated with recombinant Mch4 (Mch4, +lanes),
granzyme B (GraB, +lanes) or buffer (Mch4 and GraB,
—lanes) for 1 h at 37° C. The reaction products were then
analyzed by SDS-PAGE and autoradiography. The first three
lanes contain truncated proMch4 (amino acids 102-346)
treated exactly as above. SS, mndicates the small subunit. LS,
indicates the large subunit.

FIG. 6 shows CPP32 and Mch3 activity towards Mch4

proenzyme. 35S-labeled wild type proMch4 (Mut, —lanes)
or Asp239-mutated proMch4 (Mut, +lanes) were incubated
with recombinant CPP32 (CPP32, +lanes), Mch3 (Mch3,
+lanes) or buffer (CPP32 and Mch3, —lanes) for 1 h at 37°
C. The reaction products were then analyzed by SDS-PAGE
and autoradiography.
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FIG. 7 shows potential apoptotic protease cascades.

DETAILED DESCRIPTION OF THE
INVENTION

This 1nvention 1s directed to novel cell death specific
proteases termed Mch4 and Mch5. These proteases are
members of the aspartate-specific cysteine protease (ASCP)
family of proteases which includes, for example, ICE,

ICH-1,, ICH-1, CPP32, Mch2, Mch3, ICH-2 and ICE__,”
I[II. Stmilar to other ASCPS, Mch4 and Mch5 are synthe-
sized as a larger proenzyme and become active following
proteolytic cleavage into two subunits; large subunit of
approximately 17-27 kD and small subunit of approxi-
mately 10-12 kD. The two subunits form heterodimers
which associate with each other mnto an active complex.
Substrate specificity uniquely requires an Asp residue 1n the
P1 position of the substrate binding site with a small,

preferably hydrophobic, residue 1n the P1' position.

In one embodiment, the invention 1s directed to nucleic
acids encoding the apoptotic cysteine protease Mch4 or
Mch5. The nucleic acids are used to produce recombinant
Mch4 or Mch5 proteases, whose activity can be measured
enzymatically. The recombinant polypeptides are used to
screen for Mch4 or Mch5 inhibitory compounds. Such
pharmaceutical compounds are usetul for the treatment or
prevention of diseases which are characterized by apoptotic
cell death. Alternatively, the Mch4 or MchS5 polypeptides
can be used to screen for pharmaceutical compounds which
activate or act as agonists of Mch4 or Mch5 such as by
inducing cleavage of the proenzyme 1nto its active subunits.
Such compounds are useful for the treatment or prevention
of disecases which are characterized by the loss of apoptotic

cell death.

As used herein, the term “substantially” when referring to
a Mch4 or Mch5 nucleotide or amino acid sequence 1s
intended to refer to the degree to which two sequences of
between about 15-30 or more nucelotides 1n length, are
identical or similar so as to be considered by those skilled 1n
the art to be functionally equivalent. For example, the Mch4
or Mch5 nucleic acids of the invention have a nucleotide
sequence substantially the same as that shown in FIGS. 1
and 2 and as SEQ ID NOS:1 and 3, respectively. Thus, if a
second sequence 1s substantially the same as that shown as
SEQ ID NOS:1 and 3, then 1t 1s considered functionally
cequivalent by those skilled 1n the art. Methods for sequence

comparisons and determinations of similarity are well
known and routine within the art.

Functionally equivalent nucleic acid sequences include,
for example, sequences that are related, but different and
encode the same Mch4 or Mch5 polypeptide due to the
degeneracy of the genetic code as well as sequences that are
related, but different and encode a different Mch4 or Mch5
polypeptide that exhibits similar functional activity. In both
cases, the nucleic acids encode functionally equivalent gene
products. Functional fragments of Mch4 or Mch5 encoding
nucleic acids such as oligonucleotides,
polyoligonucleotides, primers and the like are also consid-
ered to be within the definition of the term and the invention
as claimed. Functional equivalency is also relevant to Mch4
or Mch5 nucleic acids which do not encode gene products,
for example, but instead are functional elements 1n and of
themselves. Specilic examples of such functional nucleic
acids include, for example, promoters, enhancers and other
gene expression regulatory elements.

Mch4 or Mch5 polypeptides of the invention have an
amino acid sequence substantially similar to that shown 1n
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FIGS. 1, 2 and 3 and 1n SEQ ID NOS:2 and 4, respectively.
Functionally equivalent Mch4 amino acid sequences simi-
larly 1ncludes, for example, related, but different sequences
so long as the different polypeptide exhibits at least one
functional activity of Mch4 or Mch5. Such related, but
different polypeptides include, for example, substitutions of
conserved and non-essential amino acids. Fragments and
functional domains of Mch4 or Mch5 are similarly included
within the definition of the term and the claimed invention.

Therefore, 1t 1s understood that limited modifications may
be made without destroying the biological function of the
Mch4 or Mch5 polypeptide and that only a portion of the
entire primary structure may be required in order to effect
activity. For example, minor modifications of the Mch4 or
Mch5 amino acid sequences (SEQ ID NOS:2 and 4) which
do not destroy their activity also fall within the definition of
Mch4 or Mch5 and within the definition of the polypeptide
claimed as such. Also, for example, genetically engineered
fragments of Mch4 or Mch5 either alone or fused to heter-
ologous proteins such as fusion proteins that retain measur-
able enzymatic or other biological activity fall within the
definition of the polypeptides claimed as such.

It 1s understood that minor modifications of primary
amino acid sequence may result 1n polypeptides which have
substantially equivalent or enhanced function as compared
to the sequences set forth in FIGS. 1 and 2 (SEQ ID NOS:2
and 4). These modifications may be deliberate, as through
site-directed mutagenesis, or may be accidental such as
through mutation 1n hosts which are Mch4 or Mch5 pro-
ducers. All of these modifications are included as long as
Mch4 or Mch5 biological function 1s retained. Further,
various molecules can be attached to Mch4 or Mch5, for
example, other proteins, carbohydrates, lipids, or chemical
moieties. Such modifications are imcluded within the defi-
nition of Mch4 or Mch5 polypeptides.

The invention provides a gene encoding Mch4 or Mch5,
or fragment thereof. The mvention also provides an 1solated
nucleic acid sequence encoding Mch4 or Mch5, or fragment
thereof. The gene and nucleic acid sequences encode sub-
stantially the sequence as shown 1 SEQ ID NOS:1 and 3.
Fragments of the gene or nucleic acid sequence are provided
which comprise single or double stranded nucleic acids

having substantially the sequences shown in SEQ ID NOS:1
and 3.

The Mch4 or Mch5 nucleic acids of the present invention
were 1dentified and 1solated by a novel approach of search-
ing a human database of expressed sequence tags (ESTs)
under various stringencies to 1dentify potential new
sequence fragments which may have homology to the ICE
family of cysteine proteases. As described below, such a
search 1dentified the Mch4 and Mch5 nucleic acids of the
present mnvention and also resulted 1n the reclassification of
the cell death protease family. Previously these proteaes
were referred to as the ICE-family of proteases and thus the
initial search criteria was directed to “ICE family” of cell
death proteases. However, with the identification of Mch4
and Mch5, the proteases can now be divided into three
subfamilies referred to herein as the Ced-like, ICE-like and
Nedd2/ICH-1-like subfamilies of cell death proteases (see
FIG. 3B).

In regard to the search for potential new sequences having
homology to the previously referred to ICE family of
proteases, novel sequences 1dentified from the search as
having homology to the ICE family of cell death proteases
are then used to design primers for attempting PCR ampli-
fication and cloning of the actual cDNA. The second primer
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for the amplification 1s designed to encompass homologous
regions 1n nucleic acid sequences that encode known ICE
protease family members. In this specific case, the primer
was directed to the GSWFI/GSWYI (SEQ ID NOS:62 and
63, respectively) pentapeptide sequence that 1s conserved in
a number of the ICE/Ced-3 family of proteases. The primer
design should take into account the predicted strandedness
of both the EST sequence primer and the known primer.
Thus, only 1f the homology search and primer hybridization
conditions are successfully determined, will such an
approach allow PCR amplification of a fragment of the
putative novel protease cDNA.

As searching a genetic data base will yield homologous
sequence matches to any query nucleotide sequence, addi-
tional criteria must be used to 1dentify the authentic ICE
subfamily homologue from among the nonspecific homol-
ogy matches. ICE family members share the highest degree
of homology 1n the active site and catalytically important
amino acid residues. A given EST returned by the search
may not include one of these highly homologous sites, but
rather, may only include a region within the protease with
cryptic homology. Confirming an EST as a novel ICE
protease mvolves translation of all the positive EST hits 1n
three different reading frames and subsequent 1dentification
of conservative active site or catalytically important amino
acid sequence motifs. Then, using conventional cDNA
cloning, a full length cDNA of the putative novel protease
can be obtained and 1) analyzed for overall structural
homology to ICE family members, 2) recombinantly
expressed and analyzed for cysteine protease activity, and 3)
analyzed for the induction of programmed cell death by
heterologous expression of the cDNA 1n appropriate cells.

Alternative methods than that described above for 1solat-
ing Mch4 or Mch5 encoding nucleic acids can similarly be
employed. For example, using the teachings described
herein, those skilled in the art can routinely i1solate and
manipulate Mch4 or Mch5 nucleic acids using methods well

known 1n the art. All that 1s necessary 1s the sequence of the
Mch4 or Mch5 encoding nucleic acids (FIGS. 1 and 2 and

SEQ ID NOS:1 and 3) or their amino acid sequences (FIGS.
1 and 2 and SEQ ID NOS:2 and 4).

Such methods include, for example, screening a cDNA or
genomic library by using synthetic oligonucleotides, nucleic
acid fragments or primers as hybridization probes.
Alternatively, antibodies to the Mch4 or Mch5 amino acid
sequence or fragments thereof can be generated and used to
screen an expression library to 1solate Mch4 or Mchd
encoding nucleic acids. Other binding reagents to Mch4 or
Mch5 polypeptides can similarly be used to 1solate Mch4 or
Mch5 polypeptides having substantially the amino acid
sequence show 1 FIGS. 1 and 2. Similarly, substrate
reagents such as non-cleavable peptide analogues of cys-
teine proteases can be used to screen and 1solate Mch4 or
Mch5 polypeptides.

In addition, recombinant DNA methods currently used by
those skilled in the art include the polymerase chain reaction
(PCR) which, combined with the Mch4 or Mch5 nucleotide
and amino acid sequences described herein, allows repro-
duction of Mch4 or Mch5 encoding sequences. Desired
sequences can be amplified exponentially starting from as
little as a single gene copy by means of PCR. The PCR
technology 1s the subject matter of U.S. Pat. Nos. 4,683,195,

4,800,159, 4,754,065, and 4,683,202 all of which are 1incor-
porated by reference herein.

The above described methods are known to those skilled
in the art and are described, for example, 1n Sambrook et al.,



5,851,815

7

Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York (1992) and the various ref-
erences cited therein and 1n Ansubel et al., Current Protocols

in Molecular Biolocry, John Wiley and Sons, Baltimore,
Md. (1989); and in Harlow et al., Antibodies: A Laboratory

Manual, Cold Spring Harbor Laboratory, New York (1989).
These references and the publications cited therein are
hereby expressly incorporated herein by reference.

The ivention provides an 1solated Mch4 or Mch5
polypeptide comprising substantially the amino acid
sequence as that shown in FIGS. 1 and 2 (SEQ ID NOS:2
and 4). Mch4 or Mch5 functional fragments are also pro-
vided. A specific example of an Mch4 or Mch5 functional
fragment 1s the catalytic domain which contains the active
site amino acid sequence QACQG. When compared to the
active site amino acid sequence of other ASCP family
members, QACRG, this active site sequence 1s similar but
differs at position 4 with R substituted by Q.

Isolated Mch4 or Mch5 polypeptides of the mnvention can
be obtained by a variety of methods known within the art.
For example, the 1solated peptides can be purified by bio-
chemical methods including, for example, affinity chroma-
tography. Affinity matrices which can be used for Mch4 or
Mch5 1solation can be anti-Mch4 or anti-Mch5 monoclonal
or polyclonal antibodies prepared against the sequence
shown in FIGS. 1 and 2 (SEQ ID NOS:2 and 4), or
fragments thereof such as synthetic peptides. Alternatively,
substrate analogues or enzymatic inhibitors of Mch4 or
Mch5 can similarly be used as affinity matrices to isolate
substantially pure Mch4 or Mch5 polypeptides of the inven-
fion.

Mch4 or Mch5 polypeptides can also be produced by
recombinant methods known to those skilled in the art.
Recombinant Mch4 or MchS polypeptides include, for
example, an amino acid sequence substantially the same as
that shown in FIGS. 1 and 2 (SEQ ID NOS:2 and 4) as well
as fusion proteins and fragments thereof. The Mch4 or Mch5
encoding nucleic acids can be cloned into the appropriate
vectors for propagation, manipulation and expression. Such
vectors are known or can be constructed by those skilled in
the art and should contain all expression elements necessary
for the transcription, translation, regulation, and 1f desired,
sorting of the Mch4 or Mch5 polypeptides. The vectors can
also be for use in either procaryotic or eucaryotic host
systems so long as the expression and regulatory elements
are of compatible origin. One of ordinary skill 1n the art will
know which host systems are compatible with a particular

vector. The recombinant polypeptides produced can be 1so-
lated by the methods described above.

Apoptosis plays a significant role 1n numerous pathologi-
cal conditions 1n that programed cell death 1s either
inhibited, resulting 1n increased cell survival, or enhanced
which results 1n the loss of cell viability. Examples of
pathological conditions resulting from increased cell sur-
vival include cancers such as lymphomas, carcinomas and
hormone dependent tumors. Such hormone dependent
tumors 1nclude, for example, breast, prostrate and ovarian
cancer. Autoimmune diseases such as systemic lupus erythe-
matosus and immune-mediated glomerulonephritis as well
as viral infections such as herpesvirus, poxvirus and aden-
ovirus also result from increased cell survival or the inhi-
bition of apoptosis.

In contrast, apoptotic diseases where enhanced programed
cell death 1s a prevalent cause generally includes, for
example, degenerative disorders such as Alzheimer’s
disease, Parkinson’s disease, Amyotrophic lateral sclerosis,
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Retinitis pigmentosa, and Cerebellar degeneration. Other
diseases assoclated with increased apoptosis include, for
example, myelodysplastic syndromes such as aplastic ane-
mia and 1schemic injury including myocardial infarction,
stroke and reperfusion injury.

The Mch4 or Mch5 encoding nucleic acids and polypep-
tides of the 1nvention can be used to diagnose, treat or reduce
the severity of cell death mediated disecases such as those
described above as well as other diseases mediated by either
increased or decreased programmed cell death. Additionally,
the Mch4 or Mch5 encoding nucleic acids and polypeptides
of the invention can be used to screen for pharmaceutical
compounds and macromolecules which 1nhibit or promote
Mch4 mediated apoptosis.

For example, the Mch4 or Mch5 encoding nucleic acids,
polypeptides and functional fragments thereof can be used to
diagnose, or to generate reagents to diagnose diseases medi-
ated or characterized by programed cell death. Diagnosis can
be by nucleic acid probe hybridization with Mch4 or Mch5
containing nucleotide sequences, antibody or ligand medi-
ated detection with Mch4 or Mch5 binding agents or by
enzyme catalysis of detectable Mch4 or Mch5 substrates.
Such methods are routine to those skilled 1n the art. Detec-
tion can be performed ex vivo, for example, by removing a
cell or tissue sample from an idividual exhibiting or
suspected of exhibiting a cell death mediated disease. Cor-
relation of increased Mch4 or Mchb5 expression or activity 1s
indicative of diseases characterized by enhanced pro-
crammed cell death whereas correlation of decreased Mch4
or Mch5 expression or activity 1s indicative of diseases
characterized by the inhibition of programmed cell death.

The above Mch4 or Mch5 polypeptides can also be
formulated into pharmaceutical compositions known within
the art for the treatment of cell death mediated diseases
characterized by increased cell survival and proliferation.
Functional fragments and peptides such as the catalytic
domain of Mch4 or Mch5 can similarly be formulated for the
treatment of such diseases associated with increased cell
survival and proliferation. Administration of Mch4 or Mch5
polypeptides and functional fragments thercof will induce
apoptosis 1n treated cells and eliminate those cells charac-
terized by 1ncreased cell survival or proliferation. Adminis-
tration of non-Mch4 or Mch5 polypeptides that do not
directly act on Mch4 or Mch5 substrates but induce the
activation of the Mch4 or Mch5 protease can similarly be
used for the treatment of diseases characterized by increased
cell survival and proliferation.

To be effective, the Mch4 or Mch5 polypeptides must be
introduced mto the cells characterized by increased cell
survival. Introduction can be accomplished by a variety of
means known within the art including, for example, lipid
vesicles and receptor mediated endocytosis. Targeting to the
appropriate cell type can similarly be accomplished through

conjugation to specific receptor ligands, specific target cell
antibodies and the like.

The Mch4 or Mch5 polypeptides are administered by
conventional methods, in dosages which are sufficient to
induce apoptosis in the cells characterized by increased cell
survival or proliferation. Such dosages are known or can be
casily determined by those skilled 1n the art. Administration
can be accomplished by, for example, intravenous, inter-
peritonal or subcutaneous injection. Administration can be
performed 1n a variety of different regimes which include
single high dose administration or repeated small dose
administration or a combination of both. The dosing will
depend on the cell type, progression of the disease and
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overall health of the individual and will be known or can be
determined by those skilled in the art.

In contrast to the induction of Mch4 or Mch5 mediated
apoptosis for the treatment of pathological conditions char-
acterized by increased cell survival or proliferation, inhibi-
tors of Mch4 or Mch5 can be used to treat diseases charac-
terized by increased programmed cell death. Such 1nhibitors
can be, for example, anti-Mch4 or anti-Mch5 antibodies,
proteins, or small peptidyl protease inhibitors, or small
non-peptide, organic molecule 1nhibitors which are formu-
lated 1n a medium which allows introduction into the desired
cell type. Alternatively, such inhibitors can be attached to
targeting ligands for introduction by cell mediated endocy-
tosis and other receptor mediated events. Specific examples
of Mch4 or Mch5 peptidyl inhibitors are described in Table
I of Example III and includes suicide mhibitors and substrate
analogues such as the tetrapeptide DEVD aldehyde and the
cowpox virus protein Crm A, for example.

Other mhibitors of Mch4 or Mch5 include, for example,
small molecules and organic compounds which bind and
inactivate Mch4 or MchS by a competitive or non-
competitive type mechanism. Molecules or compounds
which indirectly inhibit the Mch4 or Mch5 pathway can also
be used as 1nhibitors of Mch4. Mch4 or Mch5 inhibitors can
be 1dentified by screening for molecules which demonstrate
specific or beneficial Mch4 or Mch5 inhibitory activity. Such
methods are described further below and can be practiced by
those skilled 1n the art given the Mch4 or Mch5 nucleotide
and amino acid sequences described herein.

Dominant/negative ihibitors of Mch4 or Mch5 can also
be used to treat or reduce the severity of diseases charac-
terized by increased programmed cell death. In this regard,
Mch4 or Mch5 large subumits which lack the active site
QACQG can be used to bind the small subunits of Mch4 or
Mch5 and prevent active protease complexes from forming.
Such a mechanism of dominant negative inhibition of Mch4
1s similar to the dominant negative mhibition of Ich-1, by
Ich-1.. Subunits from other ASCPs can similarly be used as
dominant/negative mhibitors of Mch4 or Mch5 activity and
therefore treat diseases mediated by programmed cell death.
Such subunits should be selected so that they bind either the
pl7 or pl2 Mch4 or Mch5 polypeptides and prevent their
assembly 1nto active tetrameric protease complexes.
Moreover, Mch4 or Mch5 subunits which have been modi-
fied so as to be catalytically inactive can also be used as
dominant negative inhibitors of Mch4. Such modifications
include, for example, mutation of the active site cysteine
residue to include but not limited to Alanine or glycine.

Mch4 or Mch5 substrate antagonists can similarly be used
to treat or reduce the severity of diseases mediated by
increased programmed cell death. Such substrate antagonists
can bind to and inhibit cleavage by Mch4. Inhibition of
substrate cleavage prevents commitment progression of pro-
ocrammed cell death. Substrate antagonists include, for
example, ligands and small molecule compounds.

Treatment or reduction of the severity of cell death
mediated diseases can also be accomplished by introducing
expressible nucleic acids encoding Mch4 or Mch5 polypep-
tfides or functional fragments thereof 1nto cells characterized
by such diseases. For example, elevated synthesis rates of
Mch4 or Mch5 can be achieved by, for example, using
recombinant expression vectors and gene transfer technol-
ogy. Similarly, treatment or reduction of the severity of cell
death mediated diseases can also be accomplished by 1ntro-
ducing and expressing antisense Mch4 or Mch5 nucleic
acids so as to mhibit the synthesis rates of Mch4 or Mch5.
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Such methods are well known within the art and will be
described below with reference to recombinant viral vectors.
Other vectors compatible with the appropriate targeted cell
can accomplish the same goal and therefore can be substi-
tuted 1n the methods described herein 1n place of recombi-
nant viral vectors.

Recombinant viral vectors are useful for 1 in VIVO €XPres-
sion of a desired nucleic acid because they offer advantages
such as lateral infection and targeting specificity. Lateral

infection 1s inherent 1n the lifecycle of retroviruses and 1s the
process by which a single infected cell produces many
progeny virions that bud off and infect neighboring cells.
The result 1s a large area becomes rapidly infected, most of
which were not initially infected by the original viral par-
ticles. This 1s in contrast to vertical-type of infection 1n
which the infectious agent spreads only through daughter
progeny. Viral vectors can also be produced that are unable
to spread laterally. This characteristic can be useful if the
desired purpose 1s to 1mntroduce a specified gene into only a
localized number of targeted cells.

Typically, viruses infect and propagate 1 specific cell
types. Therefore, the targeting specificity of viral vectors
utilizes this natural specificity to 1n turn specifically intro-
duce a desired gene i1nto predetermined cell types. The
vector to be used 1 the methods of the invention will depend
on desired cell type to be targeted. For example, if neuro-
degenerative diseases are to be treated by decreasing the
Mch4 or Mch5 activity of affected neuronal cells then a
vector speciiic for cells of the neuronal cell lineage should
be used. Likewise, if diseases or pathological conditions of
the hematopoietic system are to be treated, than a viral
vector that 1s specific for blood cells and their precursors,
preferably for the specific type of hematopoietic cell, should
be used. Moreover, such vectors can additionally be modi-
fied with specific receptors or ligands and the like to modily
or alter target specificity through receptor mediated events.
These modification procedures can be performed by, for
example, recombinant DNA techniques or synthetic chem-
istry procedures. The specific type of vector will depend
upon the mtended application. The actual vectors are also
known and readily available within the art or can be con-
structed by one skilled 1n the art using well known meth-
odology.

Viral vectors encoding Mch4 or Mch5 nucleic acids or
inhibitors of Mch4 or Mch5 such as antisense nucleic acids
can be administered 1n several ways to obtain expression of
such sequences and therefore either increase or decrease the
activity of Mch4 or Mchb5 1n the cells affected by the disease
or pathological condition. If viral vectors are used, for
example, the procedure can take advantage of their target
specificity and consequently, do not have to be administered
locally at the diseased site. However, local administration
can provide a quicker and more effective treatment. Admin-
istration can also be performed by, for example, mntravenous
or subcutaneous 1njection 1nto the subject. Injection of the
viral vectors 1nto the spinal fluid can also be used as a mode
of administration, especially in the case of neurodegenera-
tive diseases. Following injection, the viral vectors will
circulate until they recognize host cells with the appropriate
target specificity for infection.

As described above, one mode of administration of Mch4
or Mch5 encoding vectors can be by direct moculation
locally at the site of the disease or pathological condition.
Local administration 1s advantageous because there 1s no
dilution effect and therefore a smaller dose 1s required to
achieve Mch4 or Mch5 expression in a majority of the
targeted cells. Additionally, local inoculation can alleviate
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the targeting requirement required with other forms of
administration since a vector can be used that infects all cells
in the inoculated area. If expression 1s desired in only a
specific subset of cells within the inoculated area then
promoter and expression elements that are specific for the
desired subset can be used to accomplish this goal. Such
non-targeting vectors can be, for example, viral vectors,
viral genomes, plasmids, phagemids and the like. Transfec-
tion vehicles such as liposomes can be used to mtroduce the
non-viral vectors described above into recipient cells within
the moculated area. Such transfection vehicles are known by
one skilled within the art. Alternatively, however, non-
targeting vectors can be administered directly into a tissue of
any 1ndividual. Such methods are known within the art and

are described by, for example, Wolff et al. (Science
247:1465-1468 (1990)).

Additional features can be added to the vectors to ensure
satety and/or enhance therapeutic efficacy. Such features
include, for example, markers that can be used to negatively
select against cells infected with the recombinant virus. An
example of such a negative selection marker 1s the TK gene
described above that confers sensitivity to the antibiotic
cgancyclovir. Negative selection 1s therefore a means by
which 1nfection can be controlled because it provides induc-
ible suicide through the addition of antibiotic. Such protec-
fion ensures that if, for example, mutations arise that pro-
duce mutant forms of Mch4 or Mch5, dysfunction of
apoptosis will not occur.

As described previously, the Mch4 or Mch5 encoding
nucleic acids and Mch4 or Mch5 polypeptides of the inven-
fion can be used to screen for compounds which 1nhibit or
enhance the expression of Mch4 or Mch5 protease activity.
Such screening methods are known to those skilled 1n the art
and can be performed by either in vitro or 1n vivo proce-
dures. For example, described in Example II 1s a specific in
vitro assay for Mch4 or Mch5 activity. This assay employs
Mch4 or Mch5 polypeptide expressed 1n an active, pro-
cessed form recombinantly 1n F. coli, whose protease activ-
ity 1s measured by incubation with a fluorescent substrate
(DEVD-AMC). Also described therein are peptide and
polypeptide inhibitors of Mch4. This assay can be used to
screen synthetic or naturally occurring compound libraries,
including macromolecules, for agents which either inhibit or
enhance Mch4 or Mch5 activity. The Mch4 or MchS
polypeptides to be used 1n the assay can be obtained by, for
example, 1n vitro translation, recombinant expression or
biochemical procedures. Methods other than that described
in Example II can also be used to screen and identily
compounds which inhibit Mch4. A specific example 1s phage
display peptide libraries where greater than 10° peptide
sequences can be screened 1n a single round of panning.
Such methods as well as others are known within the art and
can be utilized to identity compounds which inhibit or
enhance Mch4 or Mch5 activity.

It 1s understood that modifications which do not substan-
fially atfect the activity of the various embodiments of this
invention are also included within the definition of the
invention provided herein. Accordingly, the following
examples are 1ntended to illustrate but not limit the present
invention.

EXAMPLE I

Cloning And Characterization of Mch4

This Example shows the cloning, sequence analysis and
tissue distribution of Mch4 and Mch5. The results described
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herein indicate that Mch4 and Mch5 are novel members of
the cell death family of aspartate-specific cysteine proteases.

To 1dentity potentially novel members of the ICE family
of cysteine proteases, an approach combining nformation
from the GenBank database of human expressed sequence
tags (ESTs) and PCR was employed. Initially, Ced-3/I1CE-
like apoptotic cysteine proteases from Jurkat T-lymphocytes
were enriched by amplification of a human Jurkat cDNA

library using degenerate PCR primers encoding the con-
served GSWFI/GSWYI pentapeptides (Fernandes-Alnermi

et al., Cancer Res. 55:2737-2742 (1995a)). This amino acid
sequence has been found to be conserved among ICE famaily
members. Briefly, a 10 ul aliquot of human Jurkat A Uni-
Zap™ XR cDNA library containing approximately 10° pfu
was denatured at 99° C. for 5 min. and used as a substrate
for PCR amplification with a degenerate primer encoding
the pentapeptide GSWFI/GSWYTI and a T3 vector-speciiic

primer (Stratagene).

The enriched library was then amplified with a primer
derived from an EST sequence identified in a homology
scarch of the GenBank database using a query nucleotide
sequence corresponding to the Mch2 and CPP32 coding
sequence. The secondary amplification was performed start-
ing with a 10 ul aliquot of the above amplified sequences
combined with a primer derived from the GenBank
sequence T96912 (primer T96-prl: TCAGCCTCGGCAG-
GAATAC SEQ ID NO:5) and a second vector specific
primer (SK-Zap: CAGGAATTCGGCACGAG, SEQ ID
NO:6). The secondary amplification products were cloned
into a Sma I cut pBluescript II KS™ vector. All clones were
screened by PCR using a degenerate oligonucleotide corre-
sponding to the conserved active site amino acid sequence
QACRG and the SK-Zap primer. Clones that were positive
for the presence of the QACRG coding sequence were then
subjected to DNA sequencing using 13 and T/ sequencing

primers (Stratagene). This amplification and screen resulted
in the 1dentification of a Ced-3/ICE-like partial cDNA with

higch homology to CPP32 and Ced-3.

Partial cDNA 1dentified from the QACRG screening was
then excised from the vector, radiolabeled and used to screen
the original Jurkat 80 Uni-Zap™ XR cDNA library for full
length ¢cDNA clones. Positive 80 clones were purified,
rescued 1nto the pBluescript II SK™ plasmid vector and
sequenced.

The above screening 1dentified a 3.6 kb cDNA clone from
the human Jurkat T-lymphocyte cDNA library. This cDNA
contains an open reading frame of 1038 bp that encodes a
346-amino acid protein, named Mch4 (SEQ ID NOS:1 and
2, respectively). As shown in FIGS. 1 and 3A, Mch 4 is a
polypeptide of 346 amino acid residues with a predicted
molecular mass of 39 kDa. Although discussed more fully
below 1n regard to the tissue distribution, the Mch4 polypep-
fide 1s encoded by an approximately 4.0 kb mRNA. This
size, together with the presence of an in-frame stop codon
184 bp upstream from the initiator methionine indicates that

the cloned Mch4 cDNA (SEQ ID NO:1) contains the full
length coding region.

Following 1dentification of and cloning of Mch4, a sub-
sequent scarch of the GenBank database resulted in the
identification of a second novel EST sequence (N42544)
with extensive homology to Mch4. Briefly, a homology
scarch of the GenBank database of human expressed
sequence tags (ESTs) for sequences similar to Mch4
revealed a 449 bp EST sequence (N42544) with a 64%
identity to Mch4. Using PCR primers derived from that EST
sequence (Mch5-prl, GACAGAGCGAGATTCTGT;
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Mch5-pr2, GCACCATCAATCAGAAGG (SEQ ID NOS:7
and &, respectfully)) and the vector specific primers T3 and
SK-Zap, the full length ¢cDNA corresponding to this gene
was amplified by PCR from the Jurkat cDNA library and
cloned in KS-vector. To perform this amplification, the
Mch5-prl and the T3 vector primers were used for the
primary PCR amplification step to amplify 5' sequences of
Mch5 while the Mch5-pr2 and the SK-Zap vector speciiic
primer was used for the secondary amplification step. The

full length cDNA was sequenced and 1ts gene product was
named Mch5 (SEQ ID NO:3).

The Mch5 ¢cDNA encodes a 389 amino acid protein (SEQ
ID NO:4) with the highest degree of homology to Mch4
compared to other family members. A comparison of the
amino acid sequence 1dentities between Mch4 and Mch5 1s
shown 1 FIG. 3A while a multiple amino acid sequence
alignment of all known ASCPs is shown in FIG. 3B (SEQ
[D NOS:12-61). Although the sequence comparisons of
Mch4 and Mch5 are discussed further below. The overall
sequence 1dentity between Mch4 and Mch5 1s 46%. These
results indicate that Mch4 and Mch5 are in fact distinct
ASCPs and not variants of a single gene product.

The 1dentification and sequence analysis of the novel

apoptotic proteases described herein has now revealed that
both Mch4 and Mch5 belong to the Ced-3-like subfamily of

ASCPs. Brielly, previously 1dentified ASCPs can be divided
phylogentically into three subfamilies. The Ced-3-like
ASCP subfamily includes Ced-3, CPP32, Mch2, and Mch3
(SEQ ID NOS:9-12, 37-41, 32-36 and 27-31,
respectively). The ICE-like ASCP subfamily includes ICE,
TX(ICH2, ICErel-II, Mihl) and ICErellll (SEQ ID
NOS:42-46, 47-51 and 52-56, respectively). The NEDD-
like subfamily include ICH-1 and its mouse counterpart
NEDD2 (SEQ ID NO:16). Sequence alignment of Mch4
(SEQ ID NOS:12-16) and Mch5 (SEQ ID NOS:17-21) with
these known ASCPs 1s shown in FIG. 3B and reveals both
of these new ASCPs belong to the Ced-3-like subfamily of
ASCPs.

Shown 1 FIG. 3B 1s a multiple amino acid sequence
alignment of relatively conserved regions within the ASCPs.
These regions include, for example, (1) the active site
pentapeptide QACRG, (2) the substrate binding residues
P1-P4 and (3) the putative processing sites between the
small and large subunits. Relevant sequence comparisons
for each of these regions as well as other worthy distinctions
1s discussed more fully below.

For example, 1n the region that does not contain the
propeptide domain, Mch4 and Mch5 are equally related to
Ced-3 (SEQ ID NOS:37-41) exhibiting an overall amino
acid 1dentity of 32% and sequence similarity of 54%.

Comparing with the other human Ced-3-like subfamily
members, Mch4 is more related to Mch2 and Mch3 (SEQ ID

NOS: 27-31 and 22-26, respectively) with a 38—40%
sequence 1denfity and a 56-58% similarity than 1t 1s to
CPP32 (SEQ ID NOS:32-36). The latter comparison reveal-
ing a 35% amino acid identity and a 57% amino acid
sequence similarity. On the other hand, Mch5 1s equally
related to CPP32, Mch2 and Mch3 with a 39-40% amino
acid sequence 1dentity and a 60—62% sequence similarity.

Comparison of Mch4 and Mch5 reveals a significant
degree of homology with an overall sequence identity of
52% and similarity of 67% at the primary amino acid level
excluding the propeptide domain. As shown 1n FIG. 3B, the
homology between the two proteins 1s highest within the
small subunit region. A similar relationship was observed

with other family members such as CPP32/Mch3 and ICE/
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TX. These sequence similarities indicate that Mch4 and
Mch5 similarly likely interact with each other as do their
related family members CPP32 and Mch3 (Fernandes-
Alnemri et al., Cancer Res. 55:6045—-6052 (1995b)). For
example, Mch4 and Mch5 likely heterodimerize with each

other to form functional protease heterocomplexes as do
CPP32 and Mch3.

Sequence alignment also revealed that, although distinct,
Mch4 and Mch5 are structurally similar to other known
ASCPs. The active enzymes of Mch4 and Mch5 are made of
two subunits, derived from precursor proenzymes (proMch4
and proMchS5) by cleavage at highly conserved Asp residues
(Asp239 in Mch4 and Asp284 in Mch5) located between the
two subunits (denoted as D/X in FIG. 3B). Consistent with
other ASCPS, ProMch4 and proMch5 are likely processed
further to remove the propeptide domains. Several aspartate
cleavage sites are present 1n the prodomain region of both

Mch4 and Mch5 (FIG. 3A).

Regardless of the above similarities, one major difference
between Mch4 and Mch5 and other family members 1s that
their active site pentapeptide contains an Arg to Gln non-
conservative substitution. The substitution changes the pre-
viously conserved peptapeptide sequence from QACRG to
QACQG. Such a substitution could have major effects on
enzyme and substrate specificities. The presence of QACQG
instead of QACRG 1n these two enzymes, suggests that other
unknown family members with a similar substitution may

exist. This result further increases the complexity of the
ASCP family.

In regard to specific amino acid residues that have been
implicated to play functional roles, the crystal structure of
ICE has indicated that the amino acid residues His237,
Gly238 and Cys285 are involved 1n catalysis, while Arg179,
GIn283, Arg341 and Ser34’/ are involved in binding the
carboxylate side chain of the substrate P1 aspartate. With the
exception of Ser347 in Mchb, all of these other residues are
absolutely conserved 1n all family members. Nevertheless,
the Ser to Thr substitution in Mch5 corresponding to Ser347,
1s a conservative substitution and 1t 1s the only one among all
the family members (FIG. 3B). Another Ser to Thr conser-
vative substitution can also be seen in Mch4 in the region
corresponding to Ser236. This residue 1s one that partici-
pates 1 binding the substrate P2—P4 residues. However,
others residues that might participate 1n binding the substrate
P2—P4 residues are not widely conserved. This result 1ndi-
cates that these other residues likely determine substrate
specificity.

EXAMPLE II

Tissue Distribution And Chromosomal Localization
of Mch4

This Example shows the expression pattern of Mch4 as
measured by RNA blot analysis and the genetic locus of the
Mch4 gene.

The tissue distribution of Mch4 was analyzed by RNA
blot analysis of poly A" RNA isolated from different human
tissues. Briefly, tissue distribution analysis of Mch4 MRNA
was performed on RNA blots prepared by Clontech (San
Diego, California) containing 2 ug/lane of poly ATRNA
from each tissue of origin. A radioactive Mch4 riboprobe
was prepared using Mch4 cDNA as a template for T7 RNA
polymerase in the presence of [c.”°P] ATP. The blots were
hybridized, washed and then visualized by autoradiography.

The results of the RNA blots revealed that a major 3.7 Kb
Mch4 message was detectable 1n most tissues examined. The
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lowest expression of Mch4 mRNA was seen 1n whole brain,
kidney, prostate, testis and colon. The size of the Mch4
mRNA 1s consistent with the length of the cloned Mch4
cDNA (3.6 kb). Other higher molecular weight mRNA
species can also be seen 1in some tissues such as skeletal
muscle, for example, and could represent unprocessed Mch4
mRNA or an mRNA of a related family member.

To determine the chromosomal localization of the Mch4
ogene, a panel of rodent-human somatic cell hybrids was
screened by PCR with Mch4 specific primers. Briefly, A
panel of DNAs from rodent-human somatic cell hybrids was
screened by PCR with the previously described Mch4 spe-
cific primers t96-prl (SEQ ID NO:5) and a second Mch4
specific primer termed t96-prb
(CGGGAGATCATGTCTCAC, SEQ ID NO:17). These

primers were also used to screen by PCR the CEPH A and
B YAC libraries.

The results of these searches 1dentified two YAC clones
(756A9 and 800G4) which were positive for Mch4. A
computer search through the Whitehead Institute and CEPH
databases showed that both YACS were part of the WI
contigs WC-630 and Wc2.16 and of the CEPH conftig at
position 2.08 of chromosome 2. Other YACS (741D10,
762C12, SO9HS, and 828ES) reported by the databases to
overlap with 756 A9 and/or 800G4 were tested by PCR for
the presence of MCH4 gene sequences. Clones 762C12 and
828E8 were found to be positive for MCH4. This analysis
resulted 1n the assignment of Mch4 to chromosome 2pl2-
gter. To confirm these mapping results and to obtain a
definite physical localization for the MCH4 gene, the non-
chimeric YAC 828E8 was used m FISH analysis to probe
normal human lymphocyte metaphases. The Mch4 chromo-
somal localization was narrowed to chromosome 2q33—34
using his latter analysis. This places the Mch4 gene within

a 4 cM region flanked by the centromeric marker D25374
and the telomeric marker D2S346 (Chumakov et al., Nature

377(supp.):175-183 (1995)).
EXAMPLE III

Kinetic Parameters of Mch4

This Example characterizes the protease activity and
substrate specificity of the ASCP Mch4.

The kinetic properties of bacterially expressed recombi-
nant Mch4 were determined using the tetrapeptide substrates
DEVD-AMC and Y VAD-AMC 1n a continuous fluorometric
assay (Table I). The DEVD-AMC and the YVAD-AMC

represent the cleavage sites for the poly(ADP-ribose)
polymerase (PARP) and IL-1 P1-P4 substrate

tetrapeptides, respectively (Nicholson et al., Nature
376:37-43 (1995)). Briefly, Mch4 cDNA lacking most of the
propeptide coding sequence (amino acids 61-346) was
subcloned 1n-frame into the Bam HI/Xhol sites of the
bacterial expression vector pGEX-5X-3 (Pharmacia Biotech
Inc.). This vector produces Mch4 as a fusion protein with
glutathione S-transferase (GST) and was used essentially as
described in Fernades-Alnemri et al., supra (1995a). The
GST-Mch4 expression vector was constructed and trans-
formed mto DH5¢. bacteria using routine molecular biology
methods known to those skilled 1n the art. After induction
with IPTG, bacterial extracts were prepared from E. coli
expressing the recombinant fusion proteins. The extracts
were adsorbed to glutathione-Sepharose resin, washed sev-
eral times and then analyzed by SDS-PAGE. The Mch4
preparation contained a protein that migrated as a doublet of
approximately 50 kDa (GST-large subunit fusion) and 12
kDa (small subunit).
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The purified Mch4 GST-fusion protein was then used for
further enzymatic analyses. The activity of Mch4 was mea-

sured using bacterial lysates prepared with ICE buffer (25

mM HEPES, 1 mM EDTA, 5 mM DTT, 0.1% CHAPS, 10%
sucrose, pH 7.5) at room temperature (24-25° C). The K;’s
were determined from the hydrolysis rate of 50 uM DEVD-
AMC following a 30 min preincubation of the enzyme with

inhibitors DEVD-CHO and recombinant CrmA protein.
Prior to incubation with enzyme, purified CrmA was acti-

vated by incubation with 5 mM DTT for 10 min at 37° C.

TABLE 1

Kinetic Parameters of Mch4

Parameter Value

K., (DEVD-AMC) 130 uM
K, (YVAD-AMC) 150 uM
K; (DEVD-CHO) 14 nM
K. (CrmA) 0.75 uM

As shown above 1n Table I, the K values of Mch4 for the
two peptide substrates DEVD-AMC and YVAD-AMC are
similar. These values contrast with those for CPP32, where
the K,, for the YVAD-AMC substrate 1s >35-fold higher
than the K,, for the DEVD-AMC substrate (Fernandes-
Alnemri et al. supra (1995b)). These kinetic references are
further 1llustrated by the ratio of Vmax/Km for the DEVD-
AMC substrate. Specifically, CPP32 possesses a >500-fold
higher specificity for this substrate compared to Mch4
(V,..K, cpp3>=9200 and V, /K ., ..=18). However,
similar to CPP32 and Mch3ca., Mch4 1s potently inhibited by
the DEVD-CHO peptide (K;,,.,4=14 nM) and weakly inhib-
ited by Crm A (K,,, ., ,=0.75 uM) (Fernandes-Alnemri et al.,
supra (1995b)). Since DEVD-CHO also blocks cell death,
this result further indicates that Mch4 1s an ASCP which
plays a role 1n the cell death pathway.

EXAMPLE 1V

Granzyme B Activates Multiple Members of the
Mammalian CED-3 Subfamily

This Example shows that the cytotoxic T cell protease
essential for induction of apoptosis in target cells directly
activates ASCP members of the Ced-3 subfamily by cleav-
age 1nto the large and small protease subunits.

Granzyme B has been shown to cleave CPP32 to generate
an ~20 kDa cleavage product presumed to be the large
subunit of CPP32 (Darmon et al., Nature 377:446—448
(1995)). This cleavage event has attracted the 1dea that the
cranzyme B cleavage occurs at the processing sequence
IETD-S between the two subunits of CPP32 (FIG. 3B).
Sequence comparison of the Mch4 and Mch5 ASCPs
described herein has revealed that the potential processing
sequences between the two subunits of Mch3 and Mch4 are
very similar to that of CPP32 (FIG. 3B). These two
sequences contain identical P1 residues (CPP32-D175,
Mch3-D198, Mch4-D239) and P4 residues (CPP32-1172,
Mch3-1195, Mch4-1236) in all three proenzymes and a
conserved P3 residue (CPP32-E173, Mch3-Q197, Mch4-
E237), suggesting that if the processing site in CPP32 is in
fact cleaved by granzyme B, then these other subfamily
members may similarly be substrates for cleavage as well.

To determine whether granzyme B can cleave these
proenzymes at the proposed processing sites, mutant proen-
zymes with a P1 substitution mutation converting D to A in

CPP32 and Mch3 or a D to G 1n Mch4 were generated.
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Briefly, potential aspartate processing sites between the two
subunits of these ASCPs were mutated to alanine (CPP32
and Mch3) or glycine (Mch4) by site directed mutagenesis
using overlapping PCR mutagenic oligonucleotides. Two
internal mutagenic overlapping oligonucleotide primers
encoding the D/A or the D/G mutation and two external
oligonucleotides encoding the first six N-terminal amino
acids and last six C-terminal amino acids, respectively, were

used 1n a PCR reaction with CPP32, Mch3 and Mch4
cDNAs. Asp9 of proCPP32 was mutated to Ala by PCR
using a 5' mutagenic oligonucleotide encoding the D to A
mutation and a 3'-primer derived from the 3'-noncoding
sequence of CPP32 cDNA. The resulting PCR products
were subcloned in pBluscript I KS™ vector under the T7
promoter and their sequence was verified by DNA sequenc-
ing.

Wild type and mutated cDNAs were 1n vitro transcribed
and translated in the presence of >>S-methionine using
Promega coupled transcription/translation TNT kit accord-
ing to the manufacturer recommendations. Two microliters
of the translation reactions were incubated with purified
enzymes (100-200 ng) or bacterial lysates expressing
recombinant ASCPs 1n ICE-buffer, in a final volume of 10 ul.
The reaction was incubated at 37° C. for 1-2 hours and then
analyzed by SDS-PAGE and autoradiography.

Following in vitro translation, the parental and mutant
proenzymes were incubated with granzyme B and then
analyzed by SDS-PAGE and autoradiography. As shown 1n
FIG. 4A, in vitro translation of wild type (lane 1) or
AsP175-mutated (lanes 2 and 3) CPP32 proenzymes gener-
ated 1dentical pattern of translation products. The 15 major
translation products started with Met27 and Met39, respec-
tively. Incubation of these translation products with
cranzyme B resulted 1n cleavage of the wild type proCPP32
at Aspl75 (lane 5) to generate the two subunits of active
CPP32. The small C-terminal subunit migrates as a single
~12 kDa band and the large N-terminal subunit migrates as

three bands (~21, ~19 and ~17 kDa).

In regard to the identities of the bands comprising the
large subunit, the faint ~21 kDa band 1s most likely a
cleavage product of the full length proCPP32. However, the
high intensity of the ~19 kDa band suggests that 1t 1s
produced from the ~21 kDa band by further processing at the
propeptide domain. This indication 1s supported by the
observation that incubation of proCPP32 with granzyme B
in the presence of the CPP32 peptide inhibitor DEVD-CHO,
ogenerated a major ~21 kDa band which was not further
processed to the ~19 kDa band (FIG. 4B, lane 8). Further
processing of the ~21 kDa band to the ~19 kDa band was
only observed 1n the absence of the peptide inhibitor DEVD-
CHO (FIG. 4A, lane 5 and FIG. 4B, lane 9). This result
indicates that the additional processing of the propeptide
domain seen with the wild type proCPP32 1s due to the
autocatalytic activity of the granzyme B-activated CPP32.
No cleavage was observed with the buffer control or the
AsP175-mutated CPP32 (FIG. 4A, lanes 1 and 3,
respectively).

In addition there was no cleavage at the propeptide
domain of the AsP175-mutated CPP32 (FIG. 4A, lane 2 and
FIG. 4B, lane 3), indicating further support to our earlier
conclusion that cleavage of the propeptide 1s an autocatalytic
activity of activated CPP32. Furthermore, the autocatalytic
processing within the propeptide domain occurs at Asp9 and
not at Asp28. Mutation of Asp9 to Ala inhibited the pro-
cessing of the ~21 kDa band to the ~19 kDa band 1n a similar
fashion as observed with the DEVD-CHO inhibitor (FIG.
4B, lanes 5 and 6). These data indicate that CPP32 is
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autocatalytically processed at Asp9 after activation to gen-
erate a p19 (large subunit) and p12 (small subunit).

Earlier observation that purified human CPP32 was pro-
cessed at Asp28, could be due to the fact that CPP32 was
purified from THP-1 monocyte cytosol after incubation at
37° C. for several hours (Nicholson et al., supra (1995)).
THP-1 cytosol contains high concentration of ICE and
possibly other ICE homologs that might be responsible for
the additional processing at Asp28. The ~17 kDa band 1s a
cleavage product of one of the smaller internally translated
products, most likely the 29 kDa band.

Similarly, 1n vitro translation of wild type or Aspl98-
mutated proMch3 (FIG. SA, lanes 1 and 2, respectively)
generated two major products. These two translation prod-
ucts are a 35-36 kDa product corresponding to the full
length proMch3 and a 30 kDa 1nternal translation production
most likely starting with Met45. Other internal translation
products smaller than 30 kDa can also be seen.

Like proCPP32, incubation of proMch3 with granzyme B
generated the two subunits of the active Mch3 enzyme (FIG.
SA, lane 6). These subunits can be seen as a ~12 kDa band
corresponding to the small C-terminal subunit and two ~20
and ~18 kDa bands corresponding to the large N-terminal
subunit. The ~20 kDa band 1s a product of processing at
Aspl98 between the two subunits, and at Asp23 1n the
propeptide domain. The ~18 kDa band 1s a cleavage product
of the smaller 30 kDa internally translated product. No
cleavage products corresponding to the small or large sub-

units were observed with the buifer control or the Asp198-
mutated proMch3 (FIG. 5A, lanes 1, 2 and 4, respectively).

Unlike CPP32, there was a 33 kDa cleavage product in the
Aspl198-mutated proMch3 (lane 4). This product is a result
of granzyme B cleavage i the propeptide domain of
proMch3, indicating that granzyme B can process proMch3
to active Mch3 without the requirement of an additional
activity to remove the propeptide domain. Nevertheless, we
have shown recently that CPP32 can also cleave the propep-
tide domain of proMch3 very efficiently (Fernandes-
Alnemri et al., supra (1995b)). Consequently, activation of
CPP32 1in vivo by granzyme B would result in further

processing of both CPP32 and its closely related homolog
Mch3.

In vitro ftranslation of wild type or Asp239-mutated
proMch4 (FIG. 5B, lanes 4 and 5, respectfully) generated
two major products. These two translation products are
observed as a 39 kDa product corresponding to the full
length proMch4 and a 27 kDa internal translation product.
The internally translated product starts with Met102. This
was confirmed by deletion of the cDNA sequence encoding
the first 101 amino acids and allowing the translation to
proceed from Met102. This deletion produced a truncated
Mch4 protein that was similar in size to the internally

translated ~27 kDa Mch4 protein (FIG. §B, lane 1).

Granzyme B cleaved the truncated Mch4 to generate
15-16 kDa and 12 kDa bands (FIG. 5B, lane 3). On the other
hand, Granzyme B cleaved the full length Mch4 to generate
~27 kDa band (large subunit) and 12 kDa band (small
subunit) (lane 8). However, because of the presence of the
internally translated 27 kDa protein together with the full
length Mch4, a 15-16 kDa band was also produced after
incubation with granzyme B (lane 8). Like CPP32 and
Mch3, the Asp239-mutated Mch4 was not cleaved by
granzyme B (lane 6), and there was no cleavage in the buffer
control (lanes 1 and 4).

These data show that granzyme B not only activates
pro-CPP32, but also the related ASCPs Mch3 and Mch4 by
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cleavage at the IETD-S, IQAD-A and IEAD-A putative
processing sequences, respectively. Cleavage at these sites
ogenerates the two subunits that form the active enzyme
complex of these proteases.

EXAMPLE V

Mch4 1s Upstream of CPP32 and Mch3 1n the
ASCP Cascade

This Example shows that Mch4 1s capable of activating
both proCPP32 and proMch3 while remaining resistant to
cleavage from its proenzyme state when incubated in the
presence of activated forms of either CPP32 or Mch3.

Evidence suggests that ASCPs are mvolved 1n a cascade
of activation events which leads to the final cell death signal.
To determine whether such a cascade exists within the Ced-3
subfamily of ASCPs occurs, the activation of CPP32 and its
closely related homolog Mch3 by another subfamily mem-
ber such as Mch4 was assessed. Activation was determined
by incubating purified recombinant Mch4 with proCPP32
and proMch3.

Analysis of the cleavage products showed that Mch4
processed proCPP32 and proMch3 and generated cleavage

products identical to those produced by granzyme B (FIG.
4A, lane 4 and FIG. 5A, lane 5). Mch4 was unable to process

the Asp to Ala mutated proCPP32 and proMch3 (FIG. 4A,
lane 3 and FIG. SA, lane 3). However, like granzyme B,
Mch4 was able to cleave the propeptide of Mch3 to generate
a 33 kDa band (FIG. SA, lane 3). Although Mch4 was able
to cleave proMch4, its activity towards 1ts proenzyme was
significantly lower than that towards proCPP32 and
proMch3 (FIG. 5B, lane 7). In addition there was no
significant cleavage of proMch4 when incubated with
recombinant CPP32 or Mch3 enzymes (FIG. 6). The activity
of several other ASCPs such as ICE, TX and Mch2, were
also tested but none of these enzymes were able to efficiently
process Mch4.

These data indicate that Mch4 1s upstream of CPP32 and
Mch3 1n the apoptotic protease cascade.

The above results indicating that Mch4, Mch3 and CPP32
play a role 1n a protease cascade are further supported by the
unique features exhibited by these and related ASCPs.
Specifically, ASCPs have two unique features that distin-
ouish them from other proteases. First, they all cleave their
substrates after Asp residues, and their activation requires
cleavage after Asp residues located in highly conserved
processing sites between their large and small subunits. The
ability to cleave after Asp residues i1s only shared with
cranzyme B, a serine protease that does not, however,
require cleavage after Asp residues for its activation.

The above features indicate that ASCPs interact with and
activate each other 1n a protease cascade fashion as well as
acting as substrates for granzyme B. In addition, because
multiple ASCP family members coexist 1in one cell type the
ability of one family member to activate several other family
members and vice versa results 1n multiple protease cas-
cades and the generation of multiple apoptotic pathways.
Evidence for the existence of multiple apoptotic pathways 1s
corroborated from studies with mice deficient in ICE or
Bcl2. For example, thymocytes from ICE deficient mice
remain sensitive to glucocorticoid- and 1onizing radiation-
induced apoptosis, but become resistant to antiFas-induced
apoptosis (Kuida et al., Science 267:2000-2003 (1995)). On
the other hand, T-cells from bcl2 deficient mice become
more sensitive to glucoccorticoid- and 1onizing radiation-
induced apoptosis, but less sensitive to antiCD3-induced
apoplosis.
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As shown i FIG. 7, the above results indicate the
existence of multiple protease cascades that can be activated
by different apoptotic stimuli. For example, one of these
cascades mvolves Mch4 acting upstream of CPP32, Mch?2
and Mch3. Once Mch4 1s activated by certain apoptotic
stimuli, 1t can process and activate the proenzymes of Mch3
and CPP32 as shown above. These two ASCPs are likely
responsible for PARP cleavage 1n apoptosis. Active CPP32
can 1n turn activate proMch?2, the only ASCP that can cleave
lamin. Because CPP32, Mch3 and Mch4 are poorly inhibited
by Crm A (see Table I), the above cascade would not be
affected 1 ICE-knockout mice, or be mhibited by the ICE
inhibitor Crm A. Therefore, it 1s likely that glucocortiocoid-
and radiation-induced apoptosis occur through this cascade.

In an alternative ICE-like cascade, activation of ICE by an

apoptotic stimulus results 1n the activation of CPP32, Mch?2
and Mch3 (FIG. 7). This activation results because ICE can

activate proCPP32 (‘Tewari et al., Cell 81:801-809 (1995)).
In yet another distinct apoptotic protease cascade an exog-
enous protease 1s used to activate multiple endogenous
ASCPs. This 1s the granzyme B-cascade which 1s used by
cytotoxic T-lymphocytes to Kkill their target cells (see FIG.
7). With the understanding of these multiple cascades and
their regulatory activation events, it 1s now possible to target
these pathways either alone or in combination for the
therapeutic treatment of human diseases.

EXAMPLE VI

Mch4 Exhibits Cell Death Activity

This Example shows the expression of Mch4 and mduc-
tion of apoptosis 1n cultured cells.

To determine 1f Mch4 exhibits cell death activity, the
induction of early apoptosis 1n SI9 baculovirus cells was
assessed. Briefly, S19 cells were 1nfected with recombinant
baculoviruses encoding full length Mch4 or full length
CPP32 as a standard (Fernandes-Alnemri et al., J. Biol.
Chem. 269:30761-30764 (1994)). Cells were then examined
microscopically for morphological signs of apoptosis such
as blebbing of the cytoplasmic membrane, condensation of
nuclear chromatin and release of small apoptotic bodies. In
addition the genomic DNA was examined for internucleo-
somal DNA cleavage.

For the construction of transfer vectors and recombinant
baculoviruses, the full length Mch4 1n pBluescript KS+ was
excised with Bam HI and EcoRI and subcloned mto a Bam
HI/EcoRI cut pVL1393 vector (Invitrogen, San Diego,
Calif.) to generate the pVL-Mch4 transfer vector. The pVL-
CPP32 transfer vector was made as described previously
(Fernandes-Alnemri et al., supra (1994)). The recombinant
transfer vectors were then used to generate recombinant
Baculoviruses as previously described (Summers et al.,
“Manual of Methods for Baculovirus Vectors and Insert

Culture Procedures,” Texas Experimental Station Bulletin
No. 1555 (Texas A&M University, College Station, Tex.

(1987); and Alnemri et al., J. Biol. Chem. 266:3925-3936
(1991)).

For the induction of apoptosis 1n S19 cells by Mch4 and
CPP32 cells were infected with recombinant baculoviruses
AcNPV-Mch4 or AcNPV-CPP32. Apoptosis was measured
microscopically by counting cells with the appropriate mor-
phology (blebbing, nuclear condensation). Alternatively,
internucleosomal DNA cleavage 1s assessed as a character-
istic marker. Briefly, total cellular DNA 1s 1solated at 42 h
postinfection from either control S19 cells or SI9 cells

infected with AcNPV-Mch4 or AcNPV-CPP32 baculovi-
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ruses (Alnemri et al. supra (1995)). The DNA samples were
analyzed by electrophoresis in a 1.8% agarose gel contain-

ing ethidium bromide.

Expression of full length Mch4 1 S19 cells caused a
significant percentage of the cells to undergo apoptosis by 2
about 48 h postinfection which 1s also manifested by mduc-
fion of internucleosomal DNA cleavage. These results are
consistent with Mch4 being a cell death protease since

AcNPV-CPP32 yielded similar results.
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Although the invention has been described with reference
to the disclosed embodiments, those skilled 1n the art will

readily appreciate that the specific experiments detailed are

SEQUENCE LISTING

( 1 ) GENERAL INFORMATION:

( i i i )NUMBER OF SEQUENCES: 63

( 2 ) INFORMATION FOR SEQ ID NO:1:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 3535 base pairs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i x ) FEATURE:
( A ) NAME/KEY: CDS
( B ) LOCATION: 546..1584

( i x ) FEATURE:

( A ) NAME/KEY: misc_ feature

( B ) LOCATION: 1..3535

( D ) OTHER INFORMATION: /note= “Mch4”
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:1:

TGAAGTCTCT TCCCAAGCAA ATGGGAGCTT

ACTTTCTTTA

TGGTGGAGCT

TCAGATAAAA

GGGGTCCAAG

CTGGAGAAGT

AGTGAGGAAG

TGCAGCACCT

TTTCTCTGTT

AAACTTTGTT

TGATCTGAAG

ACTGTAAAGT

ATGTGGAGAA

CCAGCTCAGC

ACCTTTCTTC

CAACTGTACC

TAGAAACCTG

TTCAGGCAAT

GCTGGCCATG

GAGCTTTCGT

CCTCAAGTTT

CTCAGATGTT

CTGGCAGAAC

AAAGAGGAAG

CTCTACGAAC

CTTTGGACCT

TTCCCTGAGA

AAATCTCAAG

GAGAAGCTTC

CTCTGCATAG

TTTGAACATC

TCCTCTATAT

TGGAGCGACT

TGTCAGAAGG

from the spirit of t
1s limited only by

TGGAGCACAC

ACCGTTTACT

GTCAACATTG

TGATTATTGA

GATTGGTCCC

TCTTGGCAGA

CATACGGCAG

GCTGCCCACC

CATTGACTCA

only illustrative of the invention. It should be unders
that various modifications can be made without departing
e 1nvention. Accordingly, the invention
he following claims.

AGAGGATTCT

TCCAGAAGAT

GTATTCCAGT

TTCAAACCTG

CAACAAGAAG

GGATCTGCTG

AAGAAGCTGC

CGACAAAGGG

GAGAACTTAA

AGGAC ATG ATC TTC CTT

Me t

1
ACC TCC CTA
T hr N E T Len

15

GAA GAT AAT
Glu Asp Asn
AAA CTT TTG
Lys Leu Leu
ATA GTG ACA
[ 1 e Val T hr
6 5
GAA GAA CTA
Glu Glu Lenu

8 0

CTG AAA GAC TCG CTT CCC AAA ACT GAA ATG

[le Phe Leuw Leuw Lys Asp Ser Leuw Pro Lys Thr Glu Met
5 10
AGT TTC CTG GCA TTT CTA GAG AAA CAA GGT AAA ATA GAT
3er Phe Leu Ala Phe Leuvn Glu Lys Gln Gly Lys ITle Asp
20 25 30
CTG ACA TGC CTG GAG GAC CTC TGC AAA ACA GTT GTA CCT
Leunw Thr Cys Leu Glu Asp Leuw Cys Lys Thr Val Val Pro
35 4 0 45
AGA AAC ATA GCGAG AAA TAC AAA AGA GAG AAA GCT ATC CAG
Arg Asn Ile Glu Lys Tyr Lys Arg Glu Lys Ala Ile GIln
5 0 33 6 0
CCT CCT GTA GAC AAG GAA GCC GAG TCG TAT CAA GGA GAG
Pro Pro Val Asp Lys Glu Ala Glu Ser Tyr Gln Gly Glau
7 0 75
GTT TCC CAA ACA GAT GTT AAG ACA TTC TTG GAA GCC TTA
Val Ser Gln Thr Asp Val Lys Thr Phe Leuw Glu Ala Lenu
83 00

0od
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CAC AGA GGC
His Arg Gly
AAG GAC AGA
Lys Asp Arg
TTC CAG TGG
Phe Gln Trp
1 40
GTG GAA ATG
Val Glu Met
155
GCC GAC GGG
Ala Asp Gly
170
GGA GCT GTC
Gly Ala Val
ATG TCT CAC
Met Ser Hi1s
AAA CTC TTT
Lys Leu Phe
220
GTA TCC ATC
Val Ser I1le
235
CTG CAG GAC
Leu GIln Asp
250
ACT GTC CCA
Thr Val Pro
TAT ATT CAG
Tyr Ile GIln
GAA GAC ATC
Glu Asp I1le
300
AGA GTG GAC
Arg Val Asp
315
ACA CTA AGG
Thr Leu Arg
330
ATA

T AGCAGAGAGT

24

CTC
Len

CAA
G 1l n
1L 25

CTT
Len

GAG
Gl u

GAC
Asop

TAC
Tyr

TTC
Phe
205

TTC
Phe

GAA
Glu

AGT
Ser

GGC
Gly

TCT
Ser
285

TTA
Leu

AAA
Lys

AAA
Lys

TGT
Cy s
110

GGA
Gly

GGG
Gly

ATG
Me t

T GC
Cys

TCT
SN er
190

ACA
T h

TAT
Tyr
270

CTG
Len

TCC
SN E T

CAG
G 1l n

AAA
Lys

CCG AGG GCA
Pro Arg Al a
95
GTC ATT GTZC
Voal [ 1 e Val
ACC CAT AAA
Thr His Lys
TTC ACA GTG
Phe Thryr Val
1 4 5
GTC CTG CAG
Voal Leu GI1n
1 60
TTC GTG TTC
Phe Val Phe
175
TCG GAT GAG
yer Asp Glu
GCC CTG CACG
Ala Leu GI1n
CAG GCC TGC
Gln Ala Cys
225
GAT GCT CTG
Asp Ala Lenu
240
CCT GCC GAG
Pro Ala GIlau
255
GTA TCC TTT
Voal Ser Phe
TGT AAT CAT
Cys Asn H1s
ATC CTC ACT
[ 1 e Leu Thr
305
GGA ACA AAG
Gly Thr Lys
320
CTA GTA TTC
Leu Val Phe
335

TTTTGNTGGT

CACAGGAATC

ACAGTCAATT

TTGGAGATAG

GTAGTCTCGA

CTACAGGTGT

CTATGTTGCC

TCAAAGTTCT

GCT GTG TAC AGG ATG
Ala Val Tyr Arg Met
1 00
AAC AAC CAC AGC TTT
Asn Asn His Ser Phe

115
GAT GCT GAG ATC CTG
Asp Ala Glu Ile Len
130
CAT ATA CAC AAT AAT
His Ile His Asn Asn
150
AAG CAG AAG TGO AAT
Lys Gln Lys Cys Asn
165
TGT ATT CTG ACC CAT
Cys Ile Leu Thr Hi1s
1 80
GCC CTC ATT CcCC ATT
Ala Leun Ile Pro I1le
195
TGC CCT AGA CTG GCT
Cys Pro Arg Leu Al a
210
CAA GGT GAA GAG ATA
Gln Gly Glu Glu I1e
230
AAC CCT GAG CAG GCA
Asn Pro Glu Gln Al a
245
GCT GAC TTC CTA CTT
Ala Asp Phe Leu Lenun
200
CGG CAT GTG GAG GAA
Arg His Val Gluo Glau
275
CTG AAG AAA TTG GTC
Leuv Lys Lys Leun Val
290
GCT GTC AAC GAT GAT
Ala Val Asn Asp Asp
310
AAA CAG ATG CCC CAG
Lys Gln Met Pro Gln
325
CCT TG CCC CTG GAT
Pro Val Pro Leu Asp
340

TCTTAGACCT

GGTGGTCTCC

CTGATTTTCT

TCTCATTCTG

CCTCCCAGGC

GTGTCCATGC

TAAGCTGGTC

GGGACTACAG

CAAACGAATC

ACCTGTCATT

TTTTCTTTTG

TCACCCAGAC

TCAAGCTGTC

ACAGCTAACT

TCAAACTCCT

GCATGAAATA

-continued
AAT CGG AAC
Asn Arg Asn

105
ACC TCC CTG
Thr Ser Lenu
120
AGT CAT GTG
Ser His Val
1 35
GTG ACG AAA
Val Thr Lys
CCA GCC CAT
Pro Ala H1 s
GGG AGA TTT
Gly Arg Phe
1 85
CGG GAG ATC
Arg Glu I1e
200
GAA AAA CCT
Glu Lys Pro
215
CAG CCT TCC
Gln Pro Ser
CCC ACT TCC
Pro Thr Ser
GGT CTG GCC
Gly Leu Al a
2605
GGC AGC TGO
Gly Ser Trp
280
CCA AGA CAT
Pro Arg H1s
295
GTG AGT CGA
Val Ser Arg
CCT GCT TTC
Pro Ala Phe
GCA CTT TCA
Ala Leu Ser
345

ATTGGNTATA

CTAGAAACAG

CAAGTCTAAA

TGGAGTGCAG

CTCCCACCTC

TTTTATTTTT

GGGNTCAAGC

CTGTGCCTGG

ACCTCCAGCC

GAAACACCGT

TGTTAGAAAA

GGGGGCAATC

AGCCTCCCAA

TTTGNGGAGA

GATCCTCCCA

CCTGGGGACC

TCCTGCCCAG

GTTTTCTGAC

CTTTCTTTTT

ACGGCTCACT

GTAGCTGAGA

TGGGGTTTCA

CCTCAGCTTC

AGGTGCATTT



TAAGGTTCCT

CTAGACAACT

CAGTGAGGTC

TGCACATCTA

GGAAGGTGCT

GATGGCTCAT

CCATTTTGGA

CAGGCAGATC

TCATTACTAA

CTCGGGAGGC

AGATGACACA

TCAATATTGG

GAAGCAAAGA

GCTTCAGGCA

ATGTCCTCAG

TACTACACTT

CTGTTCTCAG

GTGGCTCTGT

TTGAGCTTTT

GAACTGTATT

AACGCCTTCA

TCCTCATTTA

GCATTAGGAG

ACAACAACTC

CAGTAAATTT

25

TGGTGTTCAA
ACCCCTTAGT
ACAGTCCACC
GTGAGGTGAA
CACATAGGAA
TTACACTCAG
CTGGGTGCOGGO
ACTTGAGGTC
AAACACAAAA
TGAGACAGGA
ACTGCACTCC
GGTTGGAACA
AGGGAATTTA
AAGCTTGAAT
GGCTGGCAGA
TGCTCCTCTG
GATCACTGGG
AAGGACGCCT
TTTTTTTTTT
TTGAATCCTT
TTTATAGATG
CTGGATTTGA
TGTTTCATTT
TCAGTGGTGC

GTTATAAGAA

( 2 ) INFORMATION FOR SEQ ID NO:2:

AAACCACGTT

TATAATTCTG

CACCCTCTCT

AATTTGGTCT

GTTTTTATTT

CTGCTCTGCA

TGACTCATGC

AGCGGAGTTCGA

ATTAGCCAGG

GAATCTCTTG

AGCTTGGGCA

TTTCAGTTGC

TTGCCTCTTT

CAGGACTCAA

TGCAGTAGAC

GCCCAAGGCA

CTCTTCTTGG

TGATGCTTTC

TTTTCAATTT

AAAGGTGAGC

AGGCAGCTGA

CTTCAGCCAG

GATATGTGAA

CTGCATTTAT

T

( 1 ) SEQUENCE CHARACTERISTICS:

( i 1 ) MOLECULE TYPE: protein

( A ) LENGTH: 346 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Me t [ 1 e Phe
1
Leu Ser P h
Asn Leu Th
3
Leu Arg As
50

Leu Val S5 e

Leu Leu Lys Asp Ser
5
Leu Ala Phe Leun Glu
20

Cys Leu Glu Asp Leu

4 0
[le Glu Lys Tyr Lys

35

Val Asp Lys Glu Al a
Gln Thr Asp Val Lys

5,851,815

-continued

CTTAGCCTAG
TGTCCCCTCT
CTGATCTCCC
ATGCCAGGCC
GGTTAGAGAC
AGCAGAAACT
CTGTAATCCC
GACCAGCCTG
TGTGCGGCGGCG
AATCCAGGAG
ACAGGGCGAG
CATTGACAGA
CACATTGAAA
TCTACAGGCC
TGCAGTGGAC
TGAGGAGAGA
CAGAGGGGAT
TTCATTAAGA
CTAGAGGAAC
CCTCATAGGG
GGCCTGGGGA
GTGAACTGGA
TGCTCATAAA

AATTATTTAT

Leu Pro Lys
10
Lys Gln Gly
25

Cys Lys Thr
Arg Glu Lys
Glu Ser Tyr

735
Thr Phe Lenu

ATTGAGCTTA

GCATGCCCTT

CCTTCCTAAG

CATTTCCTGC

AGGTTTCCCT

TTACAACCTG

AGCGTACTCTGGOG

GCCAATACGG

AGCACCTGTA

GCAGAGGCTG

ACCTTGTTTA

ACACCCAATT

CCCAGGAGTG

AGCACCTTTC

AGTCCCCACC

GGCTGTGTCA

GTCTGGCTTG

TTTTGAGCAT

TTTTTCTCTG

AGATCCAAAG

TGTGAACAAC

ATGCCTTGGGOG

AAAATGTCAA

GTGAAAGTCA

Thr Glu Me
Lys Ile As
Voal Val Pr
4 5
Al a [ 1 e G
6 0
Gln Gly GI
Glu Ala Le

t

o o

26

GATTGCCTCT
AAACATTGGA
ACTTCTCTTT
TTTTGTGTAA
GTAGGAAGAT
ATGTCATATT
GAAGCCAAGG
CAAAACCTCA
ATCCCAGCTA
TGGTGAGCCA
AAAAAAAAAT
CAAATTGACT
GATAACACTG
TCTTGGCCGG
TTGTTACTGC
GAAACTGAAG
CCTGAAGGGA
TTTTACGTAC
TTAATTCCTG
TCCTGTGGTT
CTGCTCACAG
GCGTGGAAGG
GGAATGAAGA

AATTCATGTA

Thr Ser
L5
Glu Asp
Lys Lenu
[1le Val
Glu Glu
s 0
Pro Arg
05



Al

V a

V a

14

Gl

P h

Gl

Gl

Gl

P h

T h
30

P h

Al a

A sn

Asop
130

Al a

®.
e}
o

Asn

Al a

Arg

Lenu

290

Al a

Val

His

275

Val

Gln

Voal

Glau

Gl au

Phe

260

Voal

Asn

Me t

Pro
340

27

Ar g
Ser
[ 1 e

Asn

Pro
Lenu
Glu
Gln
245
Lenu
Glu
Leu
Asp
Pro

325

Lenu

( 2 ) INFORMAIION FOR SEQ ID NO:3:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 1355 base pairs

Me t

Phe

Lenun

Asn
150

[ 1 e

Al a

Lenun

Glau

Voa l

Asp

310

Gln

Asp

( B ) TYPE: nucleic acid

( C ) STRANDEDNESS: single

( D ) TOPOLOGY: linear

( i x ) FEATURE:
( A ) NAME/KEY: CDS
( B ) LOCATION: 50..1217

( i x ) FEATURE:
( A ) NAME/KEY: misc_ feature
( B ) LOCATION: 1..1355
( D ) OTHER INFORMATION: /note= “Mch5”

A sn

T hr

Ser

1 35

Val

Gly

Ar g

Gl u

215

Gln

Gly

Gly

Pro

295

Voal

Al a

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Ar g

SN E T

1 20

T h r

Al a

Arg

Glau

200

Pro

Thr

Lenun

SN E T

280

S e r

Al a

Lenun
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-continued
Asn H1 s
1 05
Leu Lys
Voal Phe
Lys Val
His Al a

170
Phe Gly
1 85
[ 1 e Met
Pro Lys
Ser Val
Ser Len

250
Ala Thr
265
Trp Tyr
His GI1u
Arg Arg
Phe Thr

330
Ser [ 1 e
345

Voal
315

Lenun

GAATTCGGCA CGAGCTCAAA TTTCTGCCTA CAGGTTCCAC

TGG GCT

Trp Al a

CGG AGG

Arg Arg

2 0

GAA
Glau

GTC
Val

GCA
Al a

GAT
Asp

AAC AGC CAG TGC

Asn

CAT CTA TTA ATA

Hi s

N er

Len

Gln

Leu
25

Cy s
10

I 1 e

CAG
Gln

AGG
Arg

ACA
T h r

GTC
Voal

CAG
Gln

ATG
Me t

Gly Le
Arg Gl
12
Trp Le
140
Met Gl
Gly As
Val Ty
His Ph
20
Phe Ph
220
[ 1e GI
Asp Se
Pro GI
Gln Se
28
[ 1l e Le
300
Asp Ly
Arg Ly

Gl

Me

[1

Al

[1

S e

G 1

W

A

-

23

V a
T h
P h
V a
P h
17
S e

Al

Gl

Pr
25

V a

[ 1
G 1

L e
33

[1

T h

L e

16

V a

L e

Al

2 4

5 e

A s

Le

T h

32

V a

TTCTGCCGC ATG AGC

TCT

Ser Val
15

CTC
Lenu
30

Tyr

Pr

QO

Gln

Me t

1

SN er

T r

S5 e

v

GTA CCT TTC TGG
Phe

P

TAT CAG ATT TCA
[ 1 e

r

535

1 03

151



GAA
Gl au
35

GAG
Glau

GTA
Voal
115

ACT
T h r

CTG
Lenu

AAA
Lys

GCT
Al a

CAT
Hi s
1 95

CTC
Leu

CAT
Hi s

GCT
Al a

TAC
Tyr
275

TTA
Leu

GCT
Al a

CGA
Ar g

CTG
Lenu

GAA
Glau

GAA
Glau

TTC
Phe

ATC
[ 1 e
1 00

ATG
Me t

TTG
Lenu

CTT
Lenu

TTG
Lenu
1 80

GAC
Asp

ATG
Me t

GGA
Gly

TAT
T yvr

GGA
Gly
260

CAG
Gln

GAA
G1lu

GAC
Asp

AAC
Asn

AGA
Arg
340

GTG
Voal

CTG
Lenu
85

AAC
A sn

ACG
T hr

GAC
Asp

CAC
His
1 65

ACC
T hr

TGC
Cys

GAC
Asp

GAC
Asp

GAG
Glau
245

AAA
Lys

AAA
Lys

ATG
Me t

TTT
Phe

CCT
Pro
325

GAG
Glu

AGC
Ser

TCC
Ser

GAG
G1lau
70

AAA
Lys

GAC
Asp

ATG
Me t

AAA
Lys

AAC
A sn
150

AGC
Ser

ACG
T h r

ACA
T h r

CAC
Hi s

AAG
Lys
230

CTG
Lenu

CCC
Pro

GGT
Gly

GAT
Asp

CTG
Lenu
310

GCA
Al a

CGA
Arg

29

AGA
Arg

AAA
Lys
55

ATG
Me t

AGA
Ar g

TAT
T yr

TCG
Ser

GTT
Voal
1 35

AAT
Asn

ACC
Th r

GTA
Val

AGT
Ser
215

GGC
Gly

ACA
Th r

AAA
Lys

TTA
Lenu
295

CTG
Lenu

GAG
Gl u

TGT
Cy s

TCA
SN er
4 0

TGC
Cys

GAG
Glau

GTC
Voal

GAA
G1lau

GAC
Asp
120

TAC
Tyr

CAC
Hi s

AGG
Arg

TTT
Phe

GAG
Glau
200

AAC
Asn

TCT
N E T

GTG
Voal

CCT
Pro
280

TCA
S er

GGG
Gly

GGA
Gly

CCT
Pro

GAA
Gl u

AAA
Lys

AAG
Lys

TGT
Cys

GAA
Gl u
1 05

TGT
Cys

CAA
Gln

AAT
Asn

GAC
Asp

GAA
Gl u
1L 85

CAA
Gln

ATG
Me t

CAG
Gl n

TTT
Phe
265

GTT
Val

TCA
Ser

ATG
Me t

ACC
T hr

CGA
Arg
345

TTG
Len

CTG
Lenun

AGG
Arg

GCC
Al a
9 0

TTC
Phe

CCA
Pro

ATG
Me t

TTT
Phe

AGG
Ar g
170

GAG
Gl u

GAC
Asp

TAT
Tyr

TTC
Phe
250

TTT
Phe

GAG
Gl u

CCT
Pro

GCC
Al a

TGG
Trp
330

GGC
Gly

5,851,815

-continued
AGG TCT
Arg Ser
GAT GAT
Asp Asp

6 0
GTC ATC
Val TIle

75
CAA ATC
Gln I1e
AGC AAA
Ser Lys
AGA GAA
Arg Glau
AAA AGC
Lys Ser

140
GCA AAA
Ala Lys
1 55
AAT GGA
Asn Gly
CTT CAT
Leu Hi1s
TAT GAG
Tyr Glu
TGC TTC
Cys Phe

220
GGC ACT
Gly Thr
235
ACT GGT
Thr GIly
ATT CAG
[ 1e Gln
ACT GAT
Thr Asp
CAA ACG
Gln Thr

300
ACT GTG
Thr Val
315
TAC ATC
Tyr I1le
GAT GAT
Asp Asp

TTT
Phe
4 5

GAC
Asp

CTG
Len

AAC
Asn

GGG
Gl y

CAG
Gl n
125

AAG
Lys

GCA
Al a

ACA
T hr

TTT
Phe

ATT
I 1 e
205

GAT
Asp

TTG
Lenun

GCT
Al a

TCA
S e r
2 85

AGA
Arg

AAT
A s n

CAG
Gl n

ATT
I 1 e

AAG
Lys

ATG
Me t

GGA
Gly

AAG
Lys

GAG
G1lu
110

GAT
Asp

CCT
Pro

CGG
Ar g

CAC
Hi s

GAG
Gl au
190

TTG
Lenu

TGC
Cys

GGA
Gly

AAG
Lys

TGT
Cys
270

GAG
Glau

TAT
Tyr

AAC
Asn

TCA
Ser

CTC
Lenu
350

TTT
Phe

AAC
A s

GAA
Gl nu

AGC
S er
95

GAG
G1lu

AGT
S e r

CGG
Arg

GAG
Glnu

TTG
Len
175

AAA
Lys

TGT
Cys

CAG
Gln

TGC
Cys
255

CAG
G1ln

GAG
Glnu

ATC
[ 1 e

TGT
Cys

CTT
L eu
335

ACC
Th r

CTT
Lenu

CTG
Len

GGA
Gly
8 0

CTG
Leu

TTG
Lenun

GAA
Gl ou

GGA
Gly

AAA
Lys
160

GAT
Asp

AAG
Lys

GAG
Glau
240

CCT
Pro

GGG
Gl y

CAA
Gln

CCG
Pro

GTT
Voa l
320

TGC

Cys

ATC
[ 1 e

30

TTG
Len

CTG
Leu
6 5

AAG
Lys

CTG
Lenun

TGT
Cys

TCA
Ser

TAC
T yr
1 45

GTG
Voal

GCA
Al a

CCC
Pro

TAC
Tyr

CTC
Lenun
225

GCC
Al a

TCC
Ser

GAT
Asp

CCC
Pro

GAT
Asp
305

T CC
Ser

CAG
G 1l n

CTG
Lenun

CAA
Gln
50

GAT
Asp

TTG
Lenun

AAG
Lys

GGG
Gly

CAG
G1ln
130

TGT
Cys

CCC
Pro

GGG
Gly

CAC
His

CAA
Gln
210

T CC
SN er

CCC
Pro

CTT
Lenun

AAC
Asn

TAT
Tyr
290

GAG
G1lau

TAC
Tyr

AGC
Sy Eer

ACT
Th r

1 0

1 0

11



GAA
Gl au
355

AAA

Lys

CCT
Pro

TGAGACAGAA TCTCGCTCTG TCGCCCAGGC TGGAGTGCAG TGGCGTGATC TCGGCTCACC

GTG
Voal

CAG
Gln

TCT
Ser

AAC
Asn

ATG
Me t

GAT
Asp

31

TAT GAA

T yr

Gl u

CCT CAG

Pro

Gln
375

GTA
Voa l
360

CCT
Pro

AGC
Ser

ACT
T hr

AAC
Asn

TTC
Phe

5,851,815

-continued

AAG GAT GAC

Lys

ACA
Th r

T GATGGTGCTA TTTTGTTTGT

Asp Asp

365
CTA AGA
Leu Arg
380

AAG

Ly

AAA

Ly

5

5

AAA AAC ATG

Lys

AAA CTT GTC

Lys

A s

Leu

32

Me t

Voal
385

TTTGTTTTGT TTTGTTTTTT

GCAAGCTCCG CCTCCCGGGT TCAGGCCATT CTCCTGCT

( 2 ) INFORMATION FOR SEQ ID NO:4:

Me t

Phe

SN E T

Asp

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 389 amino acids
( B ) TYPE: amino acid

( D ) TOPOLOGY: linear

( i 1 ) MOLECULE TYPE: protein

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Ser

Trop

Ser

Asp

Lenu

Gly

Gln
1 30

Trp

Glu

I 1 e

Asp

[ 1 e

Voal

115

T hr

Lenu

His
195

Lenu

[ 1 e

Al a

Al a

Ar g

20

Gl au

Glau

Phe

[ 1 e

[ 1 e

1 00

Me t

Lenu

[ 1 e

Lenu

1 80

Asp

Me t

Gly

Gl
26

o

Gln

Glnu

3

Voal

Voal

[ 1 e

[ 1 e

Asn

Th r

Asp

[ 1 e

H1i s

1 65

T h r

Glu
245

Al a

Asp

N E T

SN er

Asp

Me t

Asn
150
S e r

T h r

Th r

-
e}
w

Pro

Gly

Asn

Me t

Arg

Ser

Voal

L 35

Asn

[ 1 e

T hr

Val

Ser

215

Gly

T h r

[ 1 e

N E T

Lenun

Glau

Val

Gl nu

Asp
120

Arg

Phe

Gl u

200

[ 1 e

S e r

Voal

Pro

Gln

G1lau
1 05

Gln

Asp

Glu

1 85

Gl n

Me t

[ 1 e

Gln

Phe
265

Voal

[ 1 e

Len

Lenu

Arg

Phe

Pro

Me t

Phe

Arg

170

Glu

[ 1 e

Asp

Phe
250

Phe

Glu

Gl

Ar

Ar

A s

Gl

5 e

Ar

Al
15
A s

L e

Gl
23

T h

[1

T h

Lh

T h

V a

S e

[1

[ 1

G 1

S e

1 4

Gl

Gl

P h

22

T h

G 1

G 1

A s

2,
o o

Gln

Me t

Asp

Lenu

A s

Gly

G1ln
1 25

Th r

Phe

[ 1 e

Asp

Lenu

Al a

S e r

N E T

Me t

Gly

Gl u
110

Asp

Pro

Glau
190

Leu

Gl y

®
ot
[F

OO
th

Phe

A sn

Glu

G1lu

Ser

Ar g

G1lu

Len

175

[ 1 e

Gl n

Gl au

GGG
Gl y
370

TTC
Phe

Pro

G1ln

Leu

Lenun

O

Lenun

Lenun

Glau

Gly

-
e}
w

I 1 e

[ 1 e

Gl u
240

Pro

Gly

G1ln

11589

1207

1257

1317

1355



33

275 28680
Pro Tyr Leu Glu Met Asp Leu Ser
290 295
Asp Glu Ala Asp Phe Leu Leu Gly
305 310
Ser Tyr Arg Asn Pro Ala Glu Gly
325
Gln Ser Leu Arg Glu Arg Cys Pro
340
Leuw Thr Glu Val Asn Tyr Glu Val
355 3060
Met Gly Lys Gln Met Pro Gln Pro
370 375

Voal Phe Pro
385

>Ser Asp

( 2 ) INFORMAIION FOR SEQ ID NO:5:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 19 base pairs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i x ) FEATURE:
( A ) NAME/KEY: misc_ feature
( B ) LOCATION: 1..19
( D ) OTHER INFORMATION: /note= “t96-prl”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:5:

TCAGCCTCGG CAGGAATAC

( 2 ) INFORMATION FOR SEQ ID NO:6:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 17 base pairs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i x ) FEATURE:
( A ) NAME/KEY: misc_ feature
( B ) LOCATION: 1..17
( D ) OTHER INFORMATION: /note= “SK-Zap”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CAGGAATTCG GCACGAG

( 2 ) INFORMATION FOR SEQ ID NO:7:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 18 base pairs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i x ) FEATURE:

( A ) NAME/KEY: misc_ feature

( B ) LOCATION: 1..18

( D ) OTHER INFORMATION: /note= “Mch5-prl”
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GACAGAGCGA GATTCTGT

( 2 ) INFORMATION FOR SEQ ID NO:&:

5,851,815

-continued

Ser

Me t

T h r

Th r

Pr

T r

33

G 1

A s

P h

Gl n

T h r
315

Asp

Th r

T h r

300

Voal

[ 1 e

Asp

Asp

380

285

Arg

G1ln

SN E T

34

Len
335

Thr

Pro

Voal

320

Cys

[ 1 e

A sn

Lenun

19

L7

18



5,851,815
35

-continued

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 18 base pairs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i x ) FEATURE:
( A ) NAME/KEY: misc_ feature
( B ) LOCATION: 1..18
( D ) OTHER INFORMATION: /note= “Mch5-pr2”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GCACCATCAA TCAGAAGG

( 2 ) INFORMATION FOR SEQ ID NO:9:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 18 base pairs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i x ) FEATURE:
( A ) NAME/KEY: misc_ feature
( B ) LOCATION: 1..18
( D ) OTHER INFORMATION: /note= “t96-pr5”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:9:

CGGGAGATCA TGOGTCTCAC

( 2 ) INFORMATION FOR SEQ ID NO:10:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Gln Ala Cys Gln Gly
1 5

( 2 ) INFORMATION FOR SEQ ID NO:11:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:11:
Gln Ala Cys Arg Gly
1 5
( 2 ) INFORMATION FOR SEQ ID NO:12:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
1 1 : peptide
i i ) MOLECULE TYPE: peptid
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “Mch5”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Arg Asp Arg Asn Gly Thr
1 5

36



5,851,815
37 33

-continued

( 2 ) INFORMATION FOR SEQ ID NO:13:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “Mch5”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Leu Ser His Gly Asp Lys
1 3

( 2 ) INFORMATION FOR SEQ ID NO:14:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “Mch5”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14:

Phe Ile Gln Ala Cys Gln Gly Asp Asn
1 3

( 2 ) INFORMATION FOR SEQ ID NO:15:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “Mch5”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:15:
Val Glu Thr Asp Serx
1 5
( 2 ) INFORMATION FOR SEQ ID NO:16:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
1 1 : peptide
i i ) MOLECULE TYPE: peptid
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “Mch5”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Asn Cys Val Ser Tyr Arg Asn Pro Ala Gluw Gly Thr Trp Tyr 11ce
1 5 10 L5
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( 2 ) INFORMATION FOR SEQ ID NO:17:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

1 1 : peptide
1 1 ) MOLECULE TYPE: peptid
( 1 x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6

( D ) OTHER INFORMATION: /note= “Mch4”
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Lys Asp Arg Gln Gly
3

( 2 ) INFORMATION FOR SEQ ID NO:18:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

1 1 : peptide
1 1 ) MOLECULE TYPE: peptid
( 1 x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6

( D ) OTHER INFORMATION: /note= “Mch4”
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:1&:

Leu Thr His Gly Arg
1 3

( 2 ) INFORMATION FOR SEQ ID NO:19:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide
( i x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9

( D ) OTHER INFORMATION: /note= “Mch4”
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:19:

Phe Ile Gln Ala Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:20:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide
( i x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5

( D ) OTHER INFORMATION: /note= “Mch4”
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:20:

[1le Glu Ala Asp Al a
1 5

T hr

Phe

Gln Gly

5,851,815

-continued

Glu Glau

40



5,851,815
41 42

-continued

( 2 ) INFORMATION FOR SEQ ID NO:21:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “Mch4”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:21:

Gly Tyr Val Ser Phe Arg Hi1is Val Gluw Gluw Gly Ser Trp Tyr
1 3 10

( 2 ) INFORMATION FOR SEQ ID NO:22:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “Mch3”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:22:

Gly Val Arg Asn Gly Thr
1 3

( 2 ) INFORMATION FOR SEQ ID NO:23:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “Mch3”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:23:
Leu Ser His Gly Glu Glu
1 5
( 2 ) INFORMATION FOR SEQ ID NO:24:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “Mch3”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Phe Ile Gln Ala Cys Arg Gly Thr Glu
1 5
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( 2 ) INFORMATION FOR SEQ ID NO:25:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “Mch3”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:25:
[1le Gln Ala Asp Ser
1
( 2 ) INFORMATION FOR SEQ ID NO:26:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
i i ) MOLECULE TYPE: peptide
( ) pep
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15

( D ) OTHER INFORMATION: /note= “Mch3”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Gly Tyr Tyr Ser Trp Arg Ser

1 S

( 2 ) INFORMATION FOR SEQ ID NO:27:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “Mch2”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:27:
Pro Glu Arg Arg Gly Thr
1 5
( 2 ) INFORMATION FOR SEQ ID NO:28:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
i i ) MOLECULE TYPE: peptide
( ) pep
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “Mch2”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:28&:

Leu Ser His Gly Glu Gly
1 5

5,851,815

-continued

Pro Gly Arg

10

Gly Ser Trp

44

Phe

Voal

L5



5,851,815
45 46

-continued

( 2 ) INFORMATION FOR SEQ ID NO:29:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “Mch2”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:29:

[1e Ile Gln Ala Cys Arg Gly Asn Gln
1 3

( 2 ) INFORMATION FOR SEQ ID NO:30:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “Mch2”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:30:

Thr Glu Val Asp Al a
3

( 2 ) INFORMATION FOR SEQ ID NO:31:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “Mch2”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:31:
Gly Tyr Tyr Ser His Arg Glu Thr Val Asn Gly Ser Trp Tyr
1 5 10
( 2 ) INFORMATION FOR SEQ ID NO:32:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “CPP32”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:32:

Thr Ser Arg Ser Gly Thr
5
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( 2 ) INFORMATION FOR SEQ ID NO:33:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “CPP32”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Leuv Ser His Gly Glu Glu
1 3

( 2 ) INFORMATION FOR SEQ ID NO:34:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “CPP32”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:34:

[1le Ile GIln Ala Cys Arg Gly Thr Glau
1 3

( 2 ) INFORMATION FOR SEQ ID NO:35:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “CPP32”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:35:
[1le Glu Thr Asp Ser
1 5
( 2 ) INFORMATION FOR SEQ ID NO:36:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “CPP32”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:36:

Gly Tyr Tyr Ser Trp Arg Asn Ser Lys Asp Gly Ser Trp Phe 1T1e
1 5 10 L5
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( 2 ) INFORMATION FOR SEQ ID NO:37:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

1 1 : peptide
1 1 ) MOLECULE TYPE: peptid
( 1 x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6

( D ) OTHER INFORMATION: /note= “CED-3"
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Pro Thr Arg Asn Gly
1 3

( 2 ) INFORMATION FOR SEQ ID NO:38:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

1 1 : peptide
1 1 ) MOLECULE TYPE: peptid
( 1 x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6

( D ) OTHER INFORMATION: /note= “CED-3"
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3&:

Leu Ser His Gly Glau
1 3

( 2 ) INFORMATION FOR SEQ ID NO:39:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide
( i x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9

( D ) OTHER INFORMATION: /note= “CED-3"
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Phe Val Gln Ala Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:40:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide
( i x ) FEATURE:

( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5

( D ) OTHER INFORMATION: /note= “CED-3"
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:40:

Asp Ser Val Asp Gly
1 5

T hr

Gl au

Arg Gly
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( 2 ) INFORMATION FOR SEQ ID NO:41:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “CED-3”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:41:

Gln Tyr Val Ser Trp Arg Asn Ser Ala Arg Gly Ser Trp Phe
1 3 10

( 2 ) INFORMATION FOR SEQ ID NO:42:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “ICE”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:42:

Pro Arg Arg Thr Gly Al a
1 3

( 2 ) INFORMATION FOR SEQ ID NO:43:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “ICE”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:43:
Met Ser His Gly Ile Arg
1 5
( 2 ) INFORMATION FOR SEQ ID NO:44:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “ICE”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:44:

[1le Ile GIln Ala Cys Arg Gly Asp Ser
1 5
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( 2 ) INFORMATION FOR SEQ ID NO:45:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “ICE”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:45:
Trp Phe Lys Asp Ser
1
( 2 ) INFORMATION FOR SEQ ID NO:46:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
i i ) MOLECULE TYPE: peptide
Pep
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15

( D ) OTHER INFORMATION: /note= “ICE”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:46:

Asp Asn Val Ser Trp Arg Hi1 s

1 S

( 2 ) INFORMATION FOR SEQ ID NO:47:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “TX”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:47:
Pro Pro Arg Asn Gly Al a
1 5
( 2 ) INFORMATION FOR SEQ ID NO:48:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
i i ) MOLECULE TYPE: peptide
( ) pep
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “TX"

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:4&:

Met Ser His Gly Ile Lenu
1 5

5,851,815
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( 2 ) INFORMATION FOR SEQ ID NO:49:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “TX”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:49:

[1le Val Gln Ala Cys Arg Gly
1 3

( 2 ) INFORMATION FOR SEQ ID NO:50:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “TX”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:50:

Trp Val Lys Asp Ser
1

( 2 ) INFORMATION FOR SEQ ID NO:51:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “TX”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:51:
His Asn Val Ser Trp Arg Asp
5
( 2 ) INFORMATION FOR SEQ ID NO:52:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “ICErellll”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:52:

Pro Ala Arg Asn Gly Al a
1 5

5,851,815
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( 2 ) INFORMATION FOR SEQ ID NO:53:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “ICErellIl”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:53:

Met Ser His Gly Ile Leu
1 3

( 2 ) INFORMATION FOR SEQ ID NO:54:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “ICErelIIl”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:54:

[1le Val GIln Ala Cys Arg Gly Glu Lys
1 3

( 2 ) INFORMATION FOR SEQ ID NO:55:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “ICErelIIl”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:55:
Trp Val Arg Asp Ser
1 5
( 2 ) INFORMATION FOR SEQ ID NO:56:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “ICErellll”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:56:

His Asn Val Ser Trp Arg Asp Arg Thr Arg Gly Ser
5 10

Phe
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( 2 ) INFORMATION FOR SEQ ID NO:57:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “ICH-1”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:57:

Glu Phe Arg Ser Gly Gly
1 3

( 2 ) INFORMATION FOR SEQ ID NO:58:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..6
( D ) OTHER INFORMATION: /note= “ICH-1”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5&:

Leu Ser His Gly Val GIlau
1 3

( 2 ) INFORMATION FOR SEQ ID NO:59:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 9 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear

( 1 i ) MOLECULE TYPE: peptide

( i x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1.9
( D ) OTHER INFORMATION: /note= “ICH-1”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:59:
Phe Ile Gln Ala Cys Arg Gly Asp Glu
1 5
( 2 ) INFORMATION FOR SEQ ID NO:60:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
i i ) MOLECULE TYPE: peptide
( ) pep
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..5
( D ) OTHER INFORMATION: /note= “ICH-1"

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:60:

Asp Gln Gln Asp Gly
1 5

60
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( 2 ) INFORMATION FOR SEQ ID NO:61:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( 1 x ) FEATURE:
( A ) NAME/KEY: Peptide
( B ) LOCATION: 1..15
( D ) OTHER INFORMATION: /note= “ICH-1"
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:61:
Gly Thr Ala Ala Met Arg Asn Thr Lys Arg Gly Ser Trp Tyr 1T1e
1 5 10 L5
( 2 ) INFORMATION FOR SEQ ID NO:62:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:62:
Gly Ser Trp Phe 1I1e
1 5
( 2 ) INFORMATION FOR SEQ ID NO:63:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 5 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
( 1 i ) MOLECULE TYPE: peptide

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:63:

Gly Ser Trp Tyr I1e

1 5
What 1s claimed 1s: 5. The 1solated Mch4 polypeptide of claim 1, wherein said
1. An 1solated Mch4 polypeptide comprising an amino ,. amino acid sequence is amino acids 102 through 239 of SEQ

acid sequence selected from the group consisting of: D NO-2.
SEQ ID NO:2; 6. An isolated Mch5 polypeptide comprising an amino
amino acids 1 through 239 of SEQ ID NO:2; acid sequence selected from the group consisting of:
amino acids 102 through 346 of SEQ ID NO:2; and SEQ ID NO:4; and
. L | | j , 50

amino acids 102 through 239 of SEQ ID NO:2. amino acids 1 through 284 of SEQ ID NO:4.

2. The isolﬁtea Mch4 polypeptide of claim 1, wherein said

amino acid sequence 1s SEQ ID NO:2.

3. The 1solated Mch4 polypeptide of claim 1, wherein said ' | | o
amino acid sequence is amino acids 1 through 239 of SEQ 8. The 1solated Mch5 polypeptide of claim 6, wherein said

ID NO:2. 55 amino acid sequence is amino acids 1 through 284 of SEQ
4. The 1solated Mch4 polypeptide of claim 1, wherein said ID NO:4.

amino acid sequence 1s amino acids 102 through 346 of SEQ
ID NO:2. % % k%

7. The 1solated Mch5 polypeptide of claim 6, wherein said
amino acid sequence 1s SEQ ID NO:4.
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